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ABSTRACT
Relationships between clay mineralogy and 
interstitial water chemistry have been investigated 
in bottom sediments from the Louisiana continental 
shelf. The bottom sediments were collected from the 
sediment-water interface from near the mouth of the 
Mississippi River at Southwest Pass to about 150 miles 
west along the 100 foot water depth contour. Clay 
minerals in the shelf sediments are present in a fairly 
homogeneous suite composed of illite, kaolinite, and 
smectite. Chlorite is present in variable but minor 
amounts. Samples from immediately seaward of South­
west Pass are characterized by greater relative amounts 
of kaolinite and lesser amounts of illite and smectite.
The concentrations of sodium, calcium, potassium, 
magnesium, silica and strontium vary within small ranges 
in the interstitial water of the shelf sediments, with 
the exception of those samples taken near the mouth of 
the Mississippi. Samples from near the river have 
lower concentrations of calcium and potassium. Inter­
stitial calcium concentration increases and interstitial 
bicarbonate concentration decreases as a function of 
depth within the cores, possibly due to an overproduction
of CO2 which reacts to form carbonate and precipitates 
as a carbonate.
Total cation exchange capacity of the less-than-2 
micron fraction of the sediment varies little, except 
for the samples taken near Southwest Pass. Exchangeable 
calcium and potassium are less concentrated than in the 
other shelf sediments, exchangeable magnesium is about 
the same, and exchangeable sodium is greater.
The homogeneity of the clay mineral suite and the 
cation exchange position population is interpreted as 
indicating that the clays on the shelf have been derived 
from a single source, the Mississippi River, and that 
the clay exchange position cations have equilibrated 
with the Gulf of Mexico waters before their deposition. 
Sediment near the Mississippi River and in the 
Atchafalaya River are slightly different chemically and 
mineralogically than the other shelf clays, indicating 
the influence of coarser grained material which is not 
transported to the other portions of the shelf.
An evaluation of the results and conclusions of 
many previous investigations of clay minerals in Recent 
oceanic sediments is presented. Only broad generalities 
as to the abundance of oceanic clays are possible due 
primarily to the vast operator variation in the pre­
paration and evaluation of clay mineral samples.
INTRODUCTION
The Mississippi River transports vast quantities of 
sediment into the Gulf of Mexico. Most of the sediment 
is deposited near the Birdfoot Delta of the Mississippi 
River, but some sediments are carried further into the 
Gulf of Mexico by hypopycnal inflow (Bates, 1953). The 
sediments are carried westward in a plume of muddy water 
by the prevalent surface currents and are deposited on the 
Louisiana continental shelf and other areas of the Gulf 
of Mexico.
Clay minerals compose a large portion of the bottom 
sediments on the continental shelf of the northern Gulf 
of Mexico. This report describes the clay mineralogy of 
these shelf sediments. Changes in the clay mineral suite 
which might be caused by differential transport or diagenetic 
alteration are looked for. Furthermore, this report attempts 
to collate some of the clay mineral data and evaluate the 
analytical techniques for clay mineral determinations 
which have been previously reported. Differences in techniques 
which may affect results are discussed.
The geochemical behavior of the most abundant inorganic 
chemical components is described. Differences in the 
chemistry of the waters above the continental shelf which
represent the transportational environment of sediments 
and the interstitial waters which represent the post 
depositional environment are discussed. The interactions 
between the sediments and the chemical components in both 
the transportational and depositional environments are 
evaluated.
This report is a part of a continuing study of the 
geology of the Louisiana continental shelf and Mississippi 
River Delta being conducted by the Department of Geology, 
Louisiana State University at Baton Rouge. This particular 
research has been conducted for the U. S. Geological Survey, 
Office of Marine Geology and Hydrology under contract 
number 14-08-001-10877. Certain tables and conclusions 
included in this dissertation have been taken from an 
earlier unpublished Technical Report entitled "Quaternary 
Geology of the Louisiana continental shelf" by James P.
Morgan, Gale K. Billings, and Ray E. Ferrell. Data 
from this earlier report, except the data gathered by 
this author, will be acknowledged as "Morgan, et a_l. , 
unpubl. data."
This investigation is reported in five parts. The 
first part is a description of the methodology used to 
gather clay mineralogical and geochemical data. The second 
part evaluates the data obtained and discusses the results 
of the investigations. The third section summarizes the 
conclusions drawn from the investigation. The fourth
section is a brief critique of previous investigations of 
clay mineralogy and some suggested improvements. The fifth 
section includes the references cited and the tabulation 
of data obtained in the course of the study.
PROCEDURE
Specimen Collection
As a part of the continuing program of study of 
Louisiana continental shelf sediments, a sampling program 
to collect information on surficial bottom sediments was 
begun. Samples of surficial bottom sediments and water 
samples were collected between the Mississippi River and 
the Atchafalaya River (Fig. 1). The sampling program, 
under the direction of Dr. James P. Morgan, was carried 
out from September 3 to 7, .1968 aboard the M.V. State Key.
Samples of surficial bottom sediment were collected 
from along the -100 foot water depth contour across the 
study area. Additional samples were also taken at greater 
and lesser depths. Four cores, each about 1 meter or less 
in length, were taken from each sample station (Fig. 2).
Two cores (labeled A and B) were extruded on shipboard 
for examination and sampling. The pH was measured on the 
extruded cores by the technique described below. Two 
other sediment cores (C and D) were kept in their plastic 
core barrel liner, capped and returned to the laboratory 
for further examination. This study was made on core series
C. The prefix "GSII" refers to the cruise number of this 
sampling program, the prefix is followed by the station 
number as given in figure 1 and the suffix C refers to 
the core set C.
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Three types of water sample were taken at almost every 
coring station. Water samples were collected from a depth 
of about 10 feet; these are referred to as the surface 
samples. Water samples were also collected from near the 
bottom, usually at a depth of about 90 feet. The third 
type of water was collected from the core barrel above 
the sediment section and is referred to as bottom water.
About one liter of each type of water sample was collected 
at each coring location. Determination of pH and bicarbonate 
concentration were made of each water sample immediately 
after specimen collection. Discussion of analytical 
techniques is in the following section. Formalin was added
to the water samples to reduce bacterial action. In
addition to the three water samples taken at coring stations, 
five 13 gallon water samples were collected to study sus­
pended material (Fig. 3).
Laboratory Procedure
In the laboratory the cores (set C) were extruded, 
halved, and divided vertically into 10 cm (4- in) sections.
The 10 cm sections were labeled alphabetically, beginning 
with the section at the sediment water interface. In the 
tabulated data in the appendices the final suffix letter 
of each datum refers to the vertical section.
One half of the extruded core section was placed in
an interstitial water sampling apparatus (Reeburg, 1967).
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Briefly, the apparatus consisted of a sample holder to \\rhich 
pressure could be applied by a rubber diaphram connected 
to a high pressure gas source. The sample was squeezed to 
a pressure of 200 psi using an inert gas, argon, to insure 
against changes which might be caused by a rupture of the 
rubber diaphram. The sample holder had an orifice at the 
bottom which allowed the squeezed interstitial water to be 
collected.
Generally about 10-15 ml of interstitial water was 
collected from each core section. Determination of pH and 
bicarbonate content were performed on the first 5 ml of 
interstitial water which was squeezed. The rest of the 
interstitial water was stored for later analyses. The 
squeezed core segment and the unsqueezed core segments were 
both retained and allowed to air dry for mineralogical deter 
minations.
Although each core was subdivided into 10 cm sections, 
each 10 cm segment was not always treated individually. 
Certain parameters such as silica concentration in 
interstitial water and exchangeable cation concentrations 
were found not to vary with core depths. Since each measure 
ment was tedious and time consuming, an equal amount of 
liquid from each segment was combined and analysed as one 
sample. Such data appear in Appendix E and F as one average 
datum for the whole core.
Clay Mineralogy
Clay minerals were prepared for x-ray analysis using 
the unsqueezed half of core C which had been allowed to 
air dry. The dried material from each 10 cm core section 
was crushed and passed through a #25 sieve (710 microns).
The crushed material was split with a chamber sample splitter 
to about 25 gram portions. Twenty-five grams of sample were 
placed in a 600 pyrex beaker and distilled water added.
The sample was vigorously stirred and allowed to flocculate 
and settle. The washing procedure was repeated until 
flocculation ceased and all soluble salts removed 
(McAllister, 1958b).
The suspension was vigorously stirred and placed in an 
ultrasonic water bath for four minutes. After four hours 
of settling, the top 5 c m  of suspension x^ as siphoned 
into another container. The siphon tube was carefully placed 
on the surface of the suspension so as to remove as little 
material as possible from below the upper 5 cm. In order 
to avoid destroying any clay components, no chemical pretreat­
ment was used to disaggregate bound particles. The Stokes 
settling formula used dictates that, after settling fourt
hours, the upper 5 cm contain the material of specific 
gravity 2.56 and less with an equivalent spherical diameter 
of 2 microns or less. Constant viscosity and density of the 
medium have been assumed.
Two slides were prepared from the less than 2 microns 
suspension by pipetting some of the suspension onto two 
glass microscope slides. A rapid and quite consistent 
method of placing nearly the same amount of clay on each 
slide was accomplished by pipetting enough slurry onto the 
slides to obscure the number written in black ink on the 
underside of the slide. The slides were left to evaporate 
leaving a well oriented clay specimen with the c axis 
perpendicular to the slide.
One slide was then irradiated with copper K <x radiation 
in the air dried state. After air drying, the sample was 
equilibrated with a saturated ethylene glycol atmosphere 
in a dessicator for a period of 24 hours. The sample was 
removed from the dessicator and immediately irradiated to 
avoid any deglycolation. The other slide was placed for 
twenty minutes in an oven preheated to 500°C, removed, 
and irradiated. In some cases, the slide would crack during 
cooling; and, in other cases, the clay film on the slide 
would curl. The use of ceramic tiles is recommended to 
avoid these cooling problems (Kinter and Diamond, 1958).
Illite, kaolinite, smectite, and chlorite were 
identified in the shelf sediments, using the above techniques. 
Using a variety of techniques found in the literature, other 
common clay minerals were looked for but were not found.
The fourth section of this report contains an evaluation 
of some of the methods of clay mineral evaluation.
Illite was recognized in the shelf sediments by its 
basal reflection at 10A (Fig. 4). The basal spacing did 
not change during heat treatments or ethylene glycol 
saturation (Gaudette, ejt al., 1965). Other reflections of 
illite were also present (5A and 3.3A), but recognition 
and relative abundance estimates were performed on the 
10A peak.
Kaolinite was identified on the basis of its basal 
reflection occurring at 7.16A (Fig. 4). Other reflections 
were also used to confirm the presence of kaolinite. The 
basal kaolinite spacing was not affected by ethylene glycol 
saturation.
Smectite (formerly montmorillonite) was identified by a 
basal reflection corresponding to 15.5A on the air dried sam­
ples (Fig. 4). The basal, reflection expanded to 17A by sorp­
tion of ethylene glycol and collapsed to 10A on heating to 500°
The presence of chlorite was noted in some samples by 
a reflection corresponding to 14A after heating to 500°C.
The strengthening of the 14A peak after heating to 500°C 
is well established in the literature (McAllister, 1958a,
1964; MacEwan, 1961; Griffin, 1962; Gagliano, 1963). The 
amount of chlorite indicated by this method was extremely 
variable (Fig. 5). Attempts to quantify the amount of 
chlorite present were not successful, although the absolute 
amount seems to be quite small, probably less than 5% in 
all cases. Other techniques found in the literature were
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inconclusive in the determination of chlorite. The problem 
of chlorite identification is discussed in the fourth 
section of this report.
Clay mineral peak intensities are measured by a differential 
peak height technique on the glycolated sample. One measure­
ment is made at the maximum peak height and two measurements 
were made at 0.4°20 intervals (one chart square) on either 
side of the maximum peak intensity. The total of the three 
measurements made at the 17A smectite peak are divided by 
three and added to the non-adjusted total of the three 
measurements made at 10A and at 7,16A. The relative abundance 
estimate is made expressing the differential peak height 
of each of the three mineral components as a percentage of 
the total. The differential peak height method of expressing 
peak intensity is rapid, and the results are comparable to 
the commonly used peak area measurements. Figure 4 repre­
sents a smoothed trace diffractogram of a glycolated sample 
(GSII-1CA) from the Gulf of Mexico. The abundance estimates 
made by the differential peak height (DPH) method described 
above were 26% smectite, 42% illite and 32% kaolinite. The 
ratio of the intensity of illite to smectite (Ii/Is) as 
measured by the differential peak height method is 0.535. The
ratio Ii/Is as calculated by peak areas (counting squares 
enclosed on chart paper) is 0.537. The precision of the 
estimation techniques is given in Appendix A and the results 
of the estimation appear in Appendix B. It should be
stressed that the relative abundance estimates are relative 
terms and although the precision of the technique is fairly 
high, the percentages do not represent accurately the true 
amount of the clay mineral species in the sample. The 
problem of clay mineral abundance estimations is discussed 
in the fourth section of this report.
PH
Measurements of pH were made on water from above the 
continental shelf, from the interstitial waters, and on the 
cores themselves. Measurements were made using an Orion 
specific ion meter (model #401), a reference electrode, and 
a combination electrode. During the period of measurement, 
the pH electrode system was regularly calibrated against 
standard pH buffer solutions. Measurements of the pH of the 
Gulf water were made by immersing both electrodes in about 
100 ml of the water immediately after sample collection 
(Appendix C).
The pH of the extruded cores, A and B series, was measured 
by inserting both electrodes into the core to a depth of 
about 5 mm. Measurements were taken at the top and bottom 
of each core (Appendix D). The pH of cores as measured by 
the direct insertion of the electrodes into the core is a 
rather arbitrary measurement because it is a function of such 
variables as the ratio of solid to liquid, the abrasion pH 
of the solids, and rapid equilibration with the atmosphere 
(Siever, et al., 1965, Gorham, 1960). However, the measure­
ment is a satisfactory measure of the pore water environment
acidity except for some acidic samples (Garrels and Christ, 
1965).
Measurements were also made of the pH of the third core, 
(C) which was opened in the laboratory (Appendix E). The 
interstitial water which was expelled using an interstitial 
water sampler as described above travels down a 10 cm rubber 
(Nalgene) tube to a collection point. During the traverse 
of the tube the water is in contact with the atmosphere.
It is then collected in a graduated glass cylinder filled 
with argon. The pH is measured on the first 5 ml collected 
in the cylinder using a microcombination electrode and an 
Orion specific ion meter. The pH measured in this way is 
generally slightly higher than the pH measured by direct 
insertion due to "an increase in CO2 pressure in the sediment 
over that in equilibrium with the atmosphere" (Siever, et_ al., 
1965, p. 65).
Alkalinity
Alkalinity was determined in both the Gulf water and the 
interstitial water. Alkalinity (or bicarbonate concentration) 
was measured by the method of Rainwater and Thatcher (1960) 
which involves titration against of known molarity.
This method was found to be rapid and accurate even for the 
small volume (5 ml) of squeezed interstitial water. Values 
for bicarbonate concentration in interstitial waters are given 
in Appendix E and in the Gulf water in Appendix C.
Chloride
Chloride concentration was measured by titration against 
mercuric nitrate. The end point is determined visually by 
a color change in the diphenylcarbazone indicator from yellow 
to peach. The titrant was regularly calibrated by titration 
against solutions with known chloride concentrations.
Chloride concentration was measured in both the Gulf water 
and the interstitial water. The chloride concentrations 
in the Gulf waters are reported in Appendix C, and chloride 
concentration in the interstitial waters is in Appendix E. 
Calcium and Magnesium
The concentrations of calcium and magnesium in interstitial 
water was determined by atomic absorption spectrometry.
Lanthanum was added to the samples in order to eliminate a 
chemical interference caused by the complexing of Si and Al 
and facilitate the measurement of calcium and magnesium con­
centrations (Angino and Billings, 1967). Calcium and magnesium 
concentrations in interstitial water are given in Appendix E. 
Calcium concentration in Gulf waters appear in Appendix C.
Sodium and Potassium
Atomic absorption spectrometry was also used in the 
determination of the concentrations of sodium and potassium 
in the interstitial water. The measurement of sodium con­
centration in sea water is uncomplicated by interference from 
other elements (Angino and Billings, 1967). However, the high 
sodium concentration causes an ionization interference which
complicates the determination of potassium concentration 
in sea water. This enhancing interference is corrected for 
by a standard addition technique. The concentrations of 
sodium and potassium in interstitial water appear in 
Appendix E, and sodium concentration in Gulf waters is given 
in Appendix C.
Strontium -
The concentration of strontium in .the interstitial water 
was determined by atomic absorption. Interferences were 
eliminated by lanthanum addition and the data for interstitial 
strontium concentration appear in Appendix E.
Silica
The concentration of dissolved silica in the 
interstitial waters was determined by the silicomolybdate color 
metric method. The procedure and prepared reagents were 
supplied by the Hach Chemical Company. Silica concentration 
data is in Appendix B.
Exchangeable cations
Exchangeable cations were measured by an adaptation of 
the method of Jackson (1956) which consists of saturating 
one gram of distilled water-washed, less-than-2 micron clay 
material with at pH 7 (Brooks, 1969). The cations
which are replaced (IC, Mg, Na, Ca) are then measured by atomic 
absorption spectrometry and recalculated to millequivalents 
per 100 grams (meq/lOOg). This procedure measures the amount 
of each of the four cations which are present in interlayer
positions, and the total of exchangeable Ca, Mg, Na, and K 
is a fair approximation of cation exchange capacity. (Weaver 
and.-Beck, 1969).
Repeated treatments showed that the technique in the 
first treatment, removed about 90% of the. exchangeable Mg, 
about 93% of the exchangeable K, about 95% of the exchange­
able Ca, and all of the exchangeable Na. Repeating the procedure 
several times resulted in increasingly smaller amounts of 
cation removal. After four such treatments the amount of 
each cation removed was below detection limits. Exchangeable 
cation (Ca, Mg, Na, and K) concentrations were determined by 
atomic absorption, and the results appear in Appendix F.
J.0
DISCUSSION OF DATA
Clay Mineralogy
Within the limitations imposed by the method of clay
mineral relative abundance estimation, the clay mineralogy of
the surficial bottom sediments from the continental shelf 
of Louisiana appears to be quite homogenous. That is, it 
is assumed that differences in particle size, crystallinity, 
chemistry and other factors are minor and that a decrease in 
the differential peak height of one mineral relative to
the other minerals present does represent a decrease in the
amount of that mineral species relative to the others. Illite, 
smectite, and kaolinite are present in approximately the same 
relative amounts across the study area.
The differential peak height of kaolinite relative to
the differential peak heights of illite and smectite decreases 
to the west in the bottom sediments of the study area. This
is taken to represent a slight decrease in the amount of
kaolinite relative to illite and smectite to the west (Fig* 6)• 
Changes of the relative abundance of kaolinite across the 
study area are within the precision of the method (Appendix A ) . 
The total of illite and smectite relative to kaolinite increases 
to the west; however, the precision limit of the estimate for 
each mineral does not allow interpretation of the data for
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either mineral. On a three component diagram all samples 
fall within a small area, but the samples from south of 
Southwest Pass and in the Atchafalaya River do appear to 
have a greater relative abundance of kaolinite (Fig. 7) .
i •
The presence of chlorite was indicated in some samples.
No trend in either the lateral or vertical distribution 
of chlorite was recognizable; and, in most cores, recognition 
of chlorite was tentative. Attempts to quantify the amount 
of chlorite present were unsuccessful due to the small amounts 
present. The amount of chlorite is probably 0-5% of the 
finer than 2 micron fraction.
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Chemistry of Gulf Water, Interstitial Water, and 
Cation Exchange
Chloride
At every station, the near surface water (3m) of the 
Gulf has a lower chloride concentration than the water taken 
at the next greater depth (Fig. 8). The lower depth has 
a chloride concentration averaging 111% of that of the 
surface water, the range is from 101% to 140%. There seems 
to be no lateral trend in the magnitude of this differential 
chloride content. The bottom l^ater (from the top of the 
core barrel.) has a chloride concentration generally higher 
than the overlying Gulf water. The concentration of chloride 
in interstitial water is higher than any of the overlying 
waters (Fig. 9). The average chloride concentration in all 
the cores is 21.34%0 . There seems to be no trend in the 
concentration of chloride in the core related to geographical 
distance from the Mississippi River; in fact, the cores taken 
directly in front of the Southwest Pass (GSII 13C to GSII 
17C) have chloride concentrations above that of normal sea 
water. Furthermore, there is no consistent increase in 
chloride concentration with depth in the cores.
The increased chloride concentration in the interstitial 
water as compared with the overlying water may be partially
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the result of the procedures used to obtain the interstitial 
water. The cores had been stored for several months before 
extraction of the interstitial water and some evaporation 
could have occurred, leaving a more concentrated solution 
in the cores. The fourth set of cores (series D) which had 
been collected at the same time and sealed in the same manner 
as series C had completely dried in about a year, presumably 
precipitating all or most of the initially dissolved salts. 
Probably some evaporation had taken place before extraction 
of the interstitial water of cores C as well; however other 
ions such as calcium and potassium do not appear to be enriched 
by evaporation of water from the cores. Thus ionic enrichment 
by evaporation appears to be only slight. 
pH
The waters from the Gulf had a range from pH 
8.0 to pH 8.3. This range is coincidental with the normal 
narrow range of sea water, 8.1 to 8.3 (Krauskopf, 1967).
The water taken at the surface is very slightly more acid 
than deeper water, 8.1 as compared to 8.2 on the average; 
however, the range is very small, and the pH is considered 
to be essentially constant.
The pH of the cores as measured by direct insertion 
ranged from 6.75 to 8.39 with no apparent vertical or lateral 
trends. The average pH of the tops of core A is 7.43, of the 
tops of cores B, 7.41; of the bottoms of cores A and B, 7.37 
and 7.42, respectively. It should be noted that pH of the
two cores is not always equivalent (Appendix D). The pH 
of the interstitial water ranged from 6.95 to 8.25 but 
usually lies between 7.4 and 7.8. Thus the difference 
between pH as measured by insertion and that measured in 
the interstitial water is not significant.
The pH of the cores and of the interstitial water is 
similar to that in other oceanic areas' of the world. The 
in situ pH of cores from the Atlantic and Pacific Oceans 
ranged from 7.4 to 7.8, but the extruded interstitial water 
was slightly higher, from 8.1 to 8.2 (Siever,' bt 'al., , 1965).
On the shelf areas of the Atalntic, Friedman, et al., (1968) 
found the interstitial water pH to be slightly lower than 
the overlying water pH. Generally there is no systematic 
variation of piH as a function of depth in Recent sediments 
(Siever, et al., 1965;. Presley and Kaplan, 1968; and Brooks, 
et al., 1968). However, some investigators have reported a 
slight decrease in pH with depth in sediment cores of less 
than 10 m. (Friedman, et al., 1968) and other investigators 
report slight pH increases with depth (Emery and Rittenberg, 
1952).
Bicarbonate
The bicarbonate content of the Gulf waters fell within 
a quite narrow range, 111-127 ppm. The alkalinity of the 
bottom \tfaters ranged from 119 ppm to 162 ppm, not including 
two anomalous measurements of 253 and 515 ppm. These two 
anomalous figures for the bicarbonate content of the bottom
waters seem to have been derived from a mixing with the 
interstitial waters which are considerably higher in 
bicarbonate content. The bicarbonate content of the interst­
itial waters is about an order of magnitude greater than that 
of the overlying water and is quite variable (395 ppm - 
2530 ppm) averaging 1240 ppm. Bicarbonate content decreases 
as a function of depth in the cores (Appendix E). The high 
bicarbonate content in the interstitial water is thought 
to be the result of organic material decomposition caused 
by a greater bacterial action and organic decay in the surficial 
sediments (Emery and Rittenberg, 1952) . The decrease in 
bicarbonate with depth was not artifically induced by up­
right tube storage, a few cores \\rhich were stored upside 
down show the same trend as those stored in an upright 
position.
Silica
Based on a mixing model assuming constancy of ionic 
ratios, dissolved silica is lost in the surface (3m) waters 
of the Gulf, gained in the deeper water, and gained to a larger 
extent in the bottom waters. The range of soluble silica 
in the Mississippi River is 4.0-7.5 ppm and the average in the 
Gulf of Mexico surface waters is 0.11 ppm; however, silica 
concentration is generally less than that which would be 
predicted from simple mixing calculations. Silica could be 
removed by 1) organisms such as diatoms, 2) reaction with 
electrolytes, 3) adsorption by suspended solids, or 4)
coprecipitation with colloidal material (Men., et: al., 1958).
The removal of silica near the surface by particulate matter 
may cause the silica gain at depth by its resolution. Silica 
concentration in the interstitial waters of the cores is in 
the range of 20.7-57.0 ppm (Fig. 10). In all cases interstitial 
silica concentrations are greater than the concentrations 
in the overlying Gulf waters at all depths. The interstitial 
silica concentration lies between the amorphous silica satura­
tion concentration (110 ppm) and the quartz saturation 
concentration (10 ppm), indicating that the interstitial water 
is supersaturated with respect to quartz and undersaturated 
with respect to amorphous silica. An upward mixing of the 
interstitial silica may account for a part of the silica 
gain in the lower and bottom waters of the Gulf.
Sodium
Sodium concentration increases with depth in the Gulf 
waters (Fig. 11) and is even greater in the bottom waters 
(Fig. 12). There is a poorly defined increase in sodium 
away from the mouth of Southwest Pass in the interstitial 
water (Fig. 13). Sodium concentration is greater in the 
interstitial water than in the overlying water, as was the case 
with chloride concentration; however, sodium is more concen­
trated relative to chloride. The ratio of sodium to chloride 
concentration in the averaged core interstitial water ranges 
from 0.58 to 0.66 with the exception of the sample from the 
Atchafalaya River (GSII-24C) where it was 0.15 (Table 1).
TABLE 1
AVERAGE RATIOS OF CATION CONCENTRATION 
TO CHLORIDE CONCENTRATION IN 
INTERSTITIAL WATERS
C§f-5 *103 (— ) LC1J # * 1 0 3 ( e d * 103 (§i)xios
1 8.6 .64 62 30.4 . .32
2 7.7 .59 62 30.6 .31
3 7.1 .60 60 33.0 .30
4 14.6 .58 61 30 .8 .35
5 10.4 .59 63 29.5 .32
6 8.3 .60 58 20.7 .33
7 14.0 .59 52 28 .0 .32
8 nd nd nd nd nd
9 11. 7 .59 57 29.6 . 35
10 12.2 .58 58 30 .6 .33
11 18.2 .59 63 29.3 .38
12 8.1 .64 62 32.0 .31
13' 3.2 .58 62 18.5 .26
14 5.7 .58 62 21.6 .29
15 5.3 .58 62 21.5 .29
16 11.0 .60 59 24.2 .40
17 9.7 .59 58 24.5 .39
18 5.5 .66 58 30 .9 .30
19 11.6 .61 57 30.2 .34
20 nd nd nd nd nd
21 nd nd nd nd nd
22 nd nd nd nd nd
23 9.0 .58 69 21.9 ' . 35
24 3.3 .154 3.2 9.1 .06
Sea water* 21.05 .553 71.05 20 .00 0.44
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This value is higher than the ratio of sodium to chloride 
in sea water, 0.553 (Krauskopf, 1967). The sodium to 
chloride ratio ranges from 0.472 to 0.810 and averages 
0.5 70, the Gulf water has an average sodium gain of 200 
mg/1 based on a theoretical mixing curve for Mississippi River 
and Gulf water. Sodium concentration is increased relative 
to chloride concentration in the interstitial water, 
indicating that sodium is being enriched in the interstitial 
waters.
Sodium in exchange positions in the less-than-2 micron 
fraction of the bottom sediments decreases from east to west. 
The trend of decrease is fairly well defined, although 
reversals in the trend are present (Fig. 14). This decrease 
is not reflected in the sodium content of the interstitial 
waters which is quite constant.
Calcium
Calcium concentration in the Gulf waters is given in 
Figure 15. In all but two sample locations the calcium 
concentration is lower in the surface samples (3 m) than in 
deeper water. The lowest calcium values are located in the 
area northwest of the mouth of Southwest Pass, in the 
remainder of the area studied calcium content is quite 
uniform. Calcium concentration in the interstitial waters 
is quite variable, ranging from 114 mg/1 to 376 mg/1 for the 
core averages and, in every case except GSII-11C the average 
interstitial water calcium has a lower concentration than
Morgan City
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that of the overlying water (Fig* 16). A well defined increase 
in interstitial calcium content occurs in front of the mbuth 
of Southwest Pass. The ratio of calcium concentration to 
chloride concentration in the interstitial water is not as 
constant as that of sodium to chloride but varies from 3.3xl0'3 
to 18.2xl0~3, which is less than the ratio in sea water 
21.05x10 . The increase in interstitial calcium concentration
in the samples offshore from Southwest Pass is a function 
of distance, but the relationship is not maintained in the 
rest of the area studied.
Calcium concentration in interstitial waters increases 
with increasing depth in the cores in almost every case 
(Appendix E). In some cases a quite well defined trend is 
present in which calcium may increase five fold in the 1 meter 
core, in other cases the trend is less obvious and trend reversals 
do occur (eg. GSII-12C). The calcium concentration increase 
with depth in cores is the reverse of the trend of decreasing 
bicarbonate with depth in the cores (Fig. 17).
Calcium in exchange positions in the less-than-2 micron 
fraction of the sediment cores ranges from 14 meq/lOOg to 
30 meq/lOOg. The least amounts of exchangeable calcium are 
found immediately in front of Southwest Pass, and the greatest 
amount was found in the sediment core taken in the Atchafalaya 
River (Fig. 18). The ratio of exchangeable to interstitial 
calcium shows a well defined decrease in the samples taken 
from in front of Southwest Pass; this ratio is quite variable
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throughout the rest of the plume sediments (Table 2). The 
ratio of the concentration of a cation in exchange position 
to its concentration in interstitial water gives an indication 
of the amount of the interstitial cation concentration relative 
to its availability from exchange positions. Calcium has the 
highest ratio which means that calcium occupies an interstitial 
position to a lesser extent relative to its availability from 
exchange sites than the other cations.
Potassium
Potassium concentration in interstitial waters is quite 
uniform except for the area directly offshore from Southwest 
Pass where it increases with distance from the river mouth 
and in the area of direct influence of the Atchafalaya River 
where it is also lower (Fig. 19). There is no consistent 
trend of increase or decrease of interstitial potassium con­
centration with depth in the cores. In those cores in front 
of Southwest Pass, where a lateral variation is noted, both 
increases, decreases and many reversals in the vertical trend 
of potassium content are found (Appendix E). The ratio of 
potassium content to chloride content of interstitial water 
shows a well defined increase occurs in those samples from
near the Southwest Pass, from 18.5xl0"3 at GSII-13C to 
24.5x10 3 at GSII-17C reflecting the absolute increase 
in interstitial potassium as a function of distance
TABLE 2
RATIO OF EXCHANGE CATION TO INTERSTITIAL 
Cation ("M / l p Dg)
Ca Mg K Na
GSII-1C 1 1 . 6 2.08 1 . 0 1 .157
GSII-2C 14.8 2 . 0 0 1.09 .169
GSII-3C 18. 2 1.92 0.91 .194
GSII-4C 8.9 2 . 0 0 1 . 0 0 .176
GSII-5C .9.3 2.08 1.31 .226
GSII-6 C 14.0 2 . 0 0 1.08 . 2 1 0
GSII-7C 7.2 2 .23 1.03 .176
GSII-8 C 9.5 2 .14 0 . 8 6 .164
GSII-9C 11.3 2.33 1.39 .290
GSII-10C 1 0 . 2 2.16 1.19 .223
GSII-11C 7.4 2.16 1.39 .238
GSII-12C 16.6 2.16 1.26 .250
GSII-13C 2 2 . 8 1.97 1.40 .250
GSII-14C 11.7 2 . 0 0 1.33 .238
GSII-15C 13.5 2 .0 0 1.31 .246
GSII-16C 6.7 2 .25 1.16 .254
GSII-17C 7.9 2.08 1.07 .226
GSII-18C 16.6 2.25 1.19 .246
GSII-19C 1 0 .0 2 .25 1 . 2 2 .198
GSII-20C 10 . 3 2.33 1.54 .296
GSII-21C nd nd nd nd
GSII-22C nd nd nd nd
GSII-23C 1 2 . 2 2.80 1.80 .370
GSII-24C 65.0 3.00 2.48 . 1 0 0
o
626 690
see in s i s t  » a o w
& o o
639
foo
o
712
659
o
628
iek 29-_j
Figure 19. Potassium concen­
tration (mg/1 ), in interstitial 
water of shelf sediments.
0  5 ’.0 20
MilES
F 2 0 M -C  4  G S 1 U 6 A
513 kk9o ,0k$2
3 8^
o £. JETTY 
• UGHT
MUSS FROM C & O  S 127 2
from the Mississippi River in this area. The data for potassium 
concentration in the Gulf waters are not available at this 
time.
Exchangeable potassium is less abundant than the other 
measured exchangeable cations. The exchangeable potassium is 
fairly constant in the less-than- 2 micron sediments, except 
that it is somewhat less abundant in the samples from in. 
front of Southwest Pass and in the Atchafalaya River (Fig* 20), 
indicating that the clays in the rivers are depleted in ex­
changeable potassium as compared with the clays in the shelf 
sediments. Samples in front of the Mississippi show a decrease
in the exchangeable to interstitial potassium ratio as a
function of distance from the river mouth (Table 2). The 
decrease is an expression of the increase in interstitial 
potassium in the sediments with distance from the mouth of the 
Mississippi.
Magries ium
Magnesium concentration in interstitial water does not 
vary greatly. However, interstitial magnesium is less 
concentrated in the shallow water sediments in the northern 
part of the study area, and there is a slight decrease in 
interstitial magnesium south of the Mississippi River mouth
at Southwest Pass, and it is considerably lower in the
Atchafalaya River (Fig. 21). The ratio of magnesium concentration 
to chloride concentration (Table 1) also reflects this change
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in front of Southwest Pass, decreasing from 62x10"  ^at GSII-13C 
to 5 8 x 1 0 ~ 3  at GSII-17C. Magnesium concentration data are not 
yet available for Gulf waters.
The concentration of exchangeable magnesium is quite 
uniform in the less-than- 2 micron bottom sediments with the 
exception of the sample in the Atchafalaya River (GSII-24C) 
which has about half the. exchangeable magnesium of the other 
samples (Fig. 22). The ratio of exchangeable to interstitial 
magnesium ranges from 1.92 to 3.0 with the Atchafalaya River 
sample having the highest ratio (Table 2) . There is no 
recognizable trend in the exchangeable magnesium content in the 
sediments.
Strontium
Strontium concentration in interstitial waters 
is quite uniform throughout the area studied. Again the excep­
tions are near Southwest Pass, where the strontium content 
increases with distance from the river mouth and in the 
Atchafalaya River where the strontium content is very low.
The Sr/Cl is also very low near the river (Fig. 23).
Strontium was not measured in the Gulf waters. Exchangeable 
strontium concentration was measured in some samples and 
found to be less than 1 / 2 0  of the concentration of potassium.
SEE IN S E 8T  S E lO W
Figure 22. Magnesium (meq/lOOg) 
in exchange positions of clay 
minerals.
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CONCLUSIONS AND INTERPRETATIONS
Clay Mineralogy
Clay minerals present in the bottom sediments from 
the shelf include illite, kaolinite, smectite, and' chlorite.
The set of assumptions implicit in quantitative evaluation 
of clay minerals is used in this discussion, and the 
validity of these assumptions is commented on in the fol­
lowing section. The clay mineralogy of the shelf sediments 
is quite homogeneous; the major difference is a slight 
decrease from east to west of the abundance of kaolinite 
relative to the abundance of illite and smectite. A decrease 
in the relative abundance of kaolinite is supported by cation 
exchange capacity data. Those samples from directly in 
front of Southwest which have the greatest relative abundance 
of kaolinite also have small total exchange capacities 
(Fig. 24). Kaolinite has a smaller exchange capacity than 
either illite or smectite (Grim, 1968). The lateral decrease 
of kaolinite is within the precision limits of the method.
The greatest difference in kaolinite relative abundances occurs 
between GSII-1C and GSII-15C. The difference between the 
two is 16% and two standard deviations are about 7%; there­
fore there is a real decrease in kaolinite to the west again 
assuming that the x-ray intensity is most responsive to abundance.
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Chlorite was found to be present in some bottom 
samples. No trend in either the lateral or vertical dis­
tribution of chlorite was recognizable, and in most cores 
recognition of chlorite was tentative at best. An earlier 
study of sediments west of the Birdfoot delta revealed a lack 
of chlorite, but the pretreatments used included an HC1 
saturation which probably destroyed an chlorite present 
(McAllister, 1958a, 1964). The occurrence of chlorite is 
sporadic, and attempts to quantify the amount of chlorite 
present were unsuccessful due to the small amounts present.
The amount of chlorite is probably less than 5% of the less- 
than-2 micron fraction. Chlorite as well as illite and 
smectite has been identified in the suspended matter in 
the "plume" (Appendix G).
Determination of water depth in front of Southwest Pass 
over a nineteen year period, (1925-1944) indicates an 
approximate yearly sedimentation rate of 2.9 feet per year 
at GSII-13 and 2.1 feet per year at GSII-14. Maximum 
sedimentation rate occurred about one mile west of GSII-13 
and GSII-14 where more than 80 feet of sedimentation 
occurred (4.2 feet per year). Rates of sedimentation decrease 
away from the river mouth (David J. Morgan, personal commun­
ication) . The quantity of suspended clay also decreases 
to the west (Appendix G). In the western part of the study 
area, red-brown layers were seen in the cores possibly 
indicating some contribution of Red River sediments via the
Atchafalaya River. The influence of the Atchafalaya River 
on sedimentation rates is not known. Therefore the cores 
in front of Southwest Pass represent from about one year 
of sedimentation at GSII-13 to probably in the neighborhood 
of a decade. Estimations of sedimentation rates elsewhere 
on the shelf are highly speculative, but it would probably 
be more meaningful to measure yearly sedimentation rates in 
terms of centimeters.
Minor changes in the relative abundances of illite, 
kaolinite, and smectite do occur vertically within most cores. 
Most vertical changes are within two standard deviations of 
the core mean for each mineral abundance estimate indicating 
that most of the variation may be derived from the procedure. 
Changes which occur in the relative abundance of a mineral 
species are due to differences in the material as it was 
deposited rather than to changes which might occur after 
burial. If post-depositi.onal changes were important, trends 
of mineral changes should be apparent.
The minor differences in the clay mineralogy of the 
bottom sediments are probably due to minor differences in 
the amount of contribution of the major source of sediment, 
the Mississippi River. Griffin and Parrott (1964) have 
shown that the Mississippi River clay mineral suite is 
characteristic and can be used to delineate the shift in 
depocenter during the formation of the St. Bernard delta.
The mineralogy of the River is probably constant. Changes
in the amount of sediment supplied by the Mississippi, however, 
could cause changes in the sediment along the dispersal 
pattern by allowing sources other, than the Mississippi River 
to contribute to the sediment deposited in a given area.
Sources other than the Mississippi River may have 
contributed sediment to the shelf; however there are 
insufficient data available to evaluate other possible con­
tributions. The Atchafalaya River contributes some sediment 
to the shelf especially in the western part of the study 
area, but the proportion of sediment derived from the 
Atchafalaya in any particular area is unknown. Other sources 
such as the Rio Grande River, Orinoco River, Amazon River 
or Apalachicola River may contribute minor amounts of sediment 
by ocean currents and longshore drift; however no quantitative 
evaluation of this possibility has been attempted. There is 
no evidence to support a hypothesis of the major clay components 
being authigenic or introduced by eolian transport.
Chemd stry
Water enters the Gulf of Mexico from the Mississippi 
River by hypopycnal inflow. The less dense, sediment laden 
river water moves out over the more saline Gulf waters. The 
lateral dispersal of this plume of turbid water is controlled 
by the variables wind, hydraulic head, Coriolis force, and 
tidal range 1953; Scruton and Moore, 1953). The body
of river derived water mixes irregularly with Gulf wraters but
remains as an identifiable mass as far as 1 2 0  miles west of 
the Mississippi River mouth.
Based on the mixing of the two end members, Mississippi 
River water and Gulf water of the highest chloride concen­
tration encountered (19,800 mg/1), a mixing model can be 
derived. Based on this mixing model, it is found that silica
was lost in the surface water and gained in the deeper waters.
Calcium was depleted in nearly all samples: and sulfate is 
lost in the deep water samples and both lost and gained in 
surface samples. Bicarbonate was usually lost, and sodium 
and pH showed no clear trends. Bottom waters had high con­
centrations of chloride, silica, and sulfate. The formation 
of gypsum corresponding to the loss of calcium and sulfate
is postulated (Appendix G).
In the Gulf waters, chloride concentration is less than in 
normal sea water; but, in the bottom and interstitial waters, 
chloride is more concentrated. Sodium is also more concentrated 
than in normal sea water in the bottom water and interstitial water 
and less concentrated in the Gulf water. The ratio of sodium 
to chloride in the Gulf waters is somewhat higher than the 
normal sea water ratio of 0.55. The sodium to chloride ratio 
in the interstitial waters ranges from 0.58 to 0.66 in the 
Gulf samples, but it is only 0.15 in the interstitial water 
from the Atchafalaya River sediment. Thus sodium is consistently 
higher relative to chloride in all the waters analysed than 
the normal sea water sodium-chloride relationship, and an 
overall gain in sodium is indicated.
Calcium is lost relative to chloride in all cases. Some 
calcium in the Gulf water may be used by gypsum precipitation. 
Calcium concentration in the interstitial water varies both 
laterally and vertically. It increases as a function of 
depth beneath the sediment-water interface, and it increases 
as a function of distance from the river' mouth in the samples 
in front of Southwest Pass. The calcium increase with depth is 
the opposite of the decrease of bicarbonate (Fig. 17).
The increase in bicarbonate concentration in the surficial 
sediments may be due to organic decomposition which releases 
CO2 . The increase of bicarbonate would also cause an increase 
in carbonate which could combine with interstitial calcium 
to form a carbonate. This process would leave an overall 
increase in bicarbonate concentration and decrease the inter­
stitial calcium concentration.
The concentration of magnesium in interstitial water 
is about the same as in sea water. Magnesium concentration 
is somewhat lower in the shallow water samples than in those 
taken at 1 0 0 foot water depth, magnesium is also less con­
centrated in the deeper samples near the delta than in the 
100 foot depth samples. This produces a curious situation 
in which the greatest concentrations of interstitial magnesium 
are found at about 1 0 0  feet and lesser concentrations are 
found in both deeper and shallower samples. This pattern is 
not a reflection of the pattern of exchangeable magnesium in 
which, exchangeable magnesium remains fairly constant. Perhaps
the reason for this pattern could be found in magnesium 
data for the overlying Gulf water; however, these data are 
not yet available
Potassium is more concentrated in the interstitial 
waters of the shelf sediments than in normal sea water, the 
only values which are below the 403 mg/1 sea water concen­
tration are those directly in front of the mouths of the 
Mississippi and Atchafalaya Rivers. In these locations 
exchangeable potassium is also lower than in the rest of 
the Gulf samples.
The population of exchange.positions and the cation 
exchange capacity of the less-than- 2 micron fraction of the 
bottom sediments of the shelf area are quite uniform. There 
are .differences, especially near the mouths of the major 
distributaries. Cation exchange capacity and exchange site 
population depend on a number of factors including the nature 
and concentration of the cations and the nature of the clay 
minerals. The uniformity of cation sorption indicates not 
only that the cations were equally available for all the 
clays deposited, but that the clays themselves were quite 
similar in their ability to sorb cations.
The Atchafalaya River sample is different than the 
samples from the continental shelf. Kaolinite relative 
abundance is slightly higher than other samples. The sample 
from the Atchafalaya River (GSII-24C) is quite different 
in the chemical characteristics of the exchange position and
interstitial water as well. Interstitial water chemistry 
indicates that the sample is only slightly influenced by 
Gulf waters. The chloride coiicentration averages. 560 ppm., 
and the ratios of the various cations to chloride are atypical 
of the shelf sediments. The Ca/Cl, Mg/Cl and K/Cl are higher 
than normal sea water; and Na/Cl and Sr/Cl are lower than 
normal. Exchangeable calcium is higher than exchangeable 
calcium on the finer-than- 2 micron fraction of other bottom 
sediments. Exchangeable magnesium, sodium, and potassium are 
lower than found on the shelf sediments. The Atchafalaya 
River clays then are calcium rich in contrast with the proposed 
magnesium rich Mississippi River clays. In the sample nearest 
to the mouth of the Atchafalaya River (GSII-13C), the clays 
and the interstitial water are more similar to the other shelf 
sediments than to the river sample. More samples are necessary 
to delineate changes which occur as the Atchafalaya Rivers 
clays are brought into contact with Gulf of Mexico waters.
Samples taken from directly in front of the mouth of 
Southwest Pass are also atypical of the prodelta clays further 
west. The mineralogy appears to somewhat different, the 
relative abundance of kaolinite with respect to illite and 
smectite is greatest. The interstitial waters of the sediments 
are often quite different, for example calcium and potassium 
are less concentrated in these samples. The cation exchange 
capacity is also different with exchangeable potassium and 
calcium being lowest. These samples are in the area of greatest
sedimentation rates. The disparity between these samples 
and other shelf samples is not nearly as pronounced as the 
v difference .between the Atchafalaya River sample and the 
other shelf samples. Differences between the sediments 
directly under the influence of the major rivers and the other 
prodelta clays may be due to reactions with sediments coarser 
than clays which are deposited nearest the rivers.
Summary
Based on relative intensity of diffracted radiation, 
the clay mineral suite of the less-than- 2 micron fraction of 
the bottom sediment from the Louisiana continental shelf is 
quite uniform. This conclusion is supported by the uniform 
nature of the cation exchange properties of the sediment.
Fine grained material from the Mississippi River is carried 
west and deposited in a broad blanket by the very irregular 
plume. Deposition at any particular point in time and space 
is probably quite erratic; however, the clay, which is 
primarily from one source and is very similar, reacts with the 
Gulf of Mexico waters to produce a very homogeneous blanket 
of clay on the shelf. The slight decrease in the relative 
abundance of kaolinite may be due to differential transportation 
whereby kaolinite settles out of suspension more rapidly than 
illite or smectite. This explanation although speculative, 
is supported by experimental work (Whitehouse and McCarter, 
1958).
Samples which are most directly influenced by the 
Mississippi River and Atchafalays'. River are different in many 
respects to samples in the rest of the area. This is probably 
due to reaction with the coarser material which is deposited 
near the river mouths.
The composition of interstitial water in the bottom 
sediments is a function of the composition of the trapped 
water, the composition of any water migrating through the pore 
space, and reaction with the sediments. The most pronounced 
changes in the interstitial water composition is the increase 
of calcium and decrease of bicarbonate as a function of depth 
in the upper meter of sediment. This is probably the result 
of the bacterial generation of CC^ which reacts to form bicar­
bonate, and carbonate,the carbonate then.reacts with calcium to 
precipitate a carbonate. The concentration of dissolved 
silica is higher in interstitial water than in the Gulf water 
probably due to the dissolution of amorphous silica.
Interstitial water maintains ionic ratios similar to 
those in the Gulf waters. Generally, the most abundant ions 
are slightly more concentrated than in Gulf waters. The 
slightly increased salinity of interstitial water as compared 
with overlying water may be the result, in part, of experimental 
procedure. Although the interstitial wa.ter has been gathered 
by using pressure to squeeze the water out of the sediment, 
the pressures used have been below the pressures at which ultra­
filtration becomes effective (Siever, ejt _al. , 1965). It has
been shown that changes in temperature can effect substantial 
changes in the composition of squeezed interstitial waters.
An increase of temperature from sea floor conditions to 
squeezing conditions of +17°C caused as much as 13% enrichment 
in the potassium content .(Bischoff,' et _al. , 1970) . Unfor­
tunately, no investigations previously completed, including 
the present study, have evaluated this factor.
COMMENTS ON THE INVESTIGATION OF 
CLAY MINERALS IN RECENT SEDIMENTS
Summary of Work Done
The study of clay minerals has progressed far since 
the report of Murray and Renard, 1891, who considered clays 
to be essentially amorphous material. Clay minerals have 
since been recognized as discrete mineral particles, and the 
study of clay minerals has been helped by the use of technical 
innovations such as x-ray diffraction and differential thermal 
analyses. Still, however, a complete understanding has not 
been reached as to the nature of the clays which make up 
such a large proportion of the fine grained pelagic sediments. 
Reports on the distribution of clay components are sometimes 
contradictory, occassionally confusing and generally inaccurate. 
Appendix H is a list of the investigations which have been 
published on clays in the world's oceans.
In the Atlantic Ocean, illite is the dominant mineral 
in the less-than- 2 micron fraction except in the equatorial 
regions where kaolinite is dominant and in the high lattitudes 
where chlorite is most abundant. Montmorillonite is nearly 
always present and other clays such as glauconite, sepiolite, 
chamosite, clinoptilolite, gibbsite and mixed-layered material 
have been found.
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In most of the North Pacific, the relative abundance 
of illite in the less-than- 2 micron fraction is greater 
than the relative abundance of the other clays; but in the 
South Pacific, montmorillonite relative abundance is greatest.
The greatest relative abundances of kaolinite are found in 
the low lattitudes and near Australia. The greatest relative 
abundances of chlorite is in the high lattitudes and especially 
near coastal areas. Other clay minerals have been found in 
small amounts. The same situation exists in most other oceanic 
areas. Illite is generally the relatively most abundant clay 
mineral, followed by kaolinite in tropical areas, montmorillonite 
in temperate regions, and chlorite in the higher latitudes 
Other clays are sometimes present in minor amounts.
The clay mineralogy of the Gulf of Mexico bottom sediments 
has been studied for nearly twenty years. Perhaps the most 
striking result of these studies is that, in contrast with 
the predominance of illite in the world’s oceans, montmor- 
illonite is reported to be the most abundant clay mineral in 
the Gulf of Mexico.by most but not all investigators. Illite 
nad kaolinite have also been reported to be most abundant 
locally. Illite and kaolinite are always present and make up 
a large proportion of the Gulf clays. Chlorite and mixed-layer 
clay material may be locally important but generally make up 
only a small fraction of the clays. Minor amounts of other 
clays such as halloysite and vermiculite have also been 
reported.
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Differences in sediment supply and source area have 
been considered the controlling factors in the sea floor 
distribution of clays. Keller, (1956) states that the use 
of clay minerals as environmental indicators is limited by 
their detrital nature. Climate is often an important factor 
in the formation of clay minerals on the Continent. The 
association of chlorite with high latitudes and kaolinite 
with equatorial regions suggests that differences in climate 
which cause differences in source material. Mineral segregation 
by differential flocculation and settling are not important 
on a regional scale, but may be quite important locally such 
as in estuaries and rivers.
Diagenetic alteration of pre-existing clay mineral 
species to other species also has been proposed to explain 
clay variations in rivers and estuaries, but the hypothesis 
has proven to be particularly difficult to evaluate. The clay 
suites occurring in the rivers are presumed to be transported 
in such a manner that the bottom sediments at various stations 
are presumed to have interacted with chemical components in 
the water in such a way that the mineralogical gradients 
become reflections of the salinity gradients in the river.
The reaction is generally postulated to occur rapidly as clays 
being transported by fresh water come into contact with and 
react with saline waters. The interpretation of clay mineral 
distribution depends, of course, on the source from which the 
clay material is derived. Most of the early work on rivers,
and estuaries did not evaluate the possibility of a sediment 
supply seaward of the fresh-marine transition zone. Some of 
the "end products" of postulated diagenetic processes may 
simply be detritus from another area.
Source, rather than diagenesis, is generally considered 
to control the lateral distribution of clay minerals in the 
deeper portions of the Gulf of Mexico.- The clay mineral assem­
blage in the Gulf can be divided into a western suite, supplied 
primarily by the Mississippi River which has a‘ high relative 
abundance of montmorillonite and lesser abundances of illite, 
kaolinite, and chlorite and an eastern suite characterized 
by a high relative abundance of kaolinite derived from the 
modern lateritic weathering areas of the Southeastern United 
States. This distinction has also been significant in the 
past. When the St.Bernard Delta was active, the area of the 
present day Mississippi Sound received sediments mostly from 
the Mississippi and thus had a high montmorillonite content.
As the site of Mississippi River sedimentation shifted westward, 
the Mississippi Sound Area began to receive more sediments 
from the east and a more kaolinitic suite was deposited (Milne 
and Early, 1958; Milne and Shott, 1958; Griffin, 1962;
Griffin and Parrott, 1964). Those rivers west of the Mississipp 
which have been analysed contribute clay suites similar to 
that of the Mississippi River, with minor local variations 
(Grim and Johns, 1953; Weintritt, and Fan, 1957). Water and
sediments may also enter the Gulf of Mexico from other oceanic 
areas. The suspended matter in the Gulf of Mexico has been 
found to have a high relative abundance of illite and mica 
which, it is proposed, are derived from the Caribbean Sea 
(Jacobs and Ewing, 1965, 1968).
Diagenetic alteration of pre-existing clay mineral species 
has been postulated to explain clay distribution in the bays, 
rivers, and estuaries along the coastal Gulf of Mexico. Most 
of the hypotheses advanced concern the formation of chlorite 
from montmorillonite or a severely degraded chlorite that 
behaves similarly to montmorillonite.
Evaluation of Techniques
Although many studies concerned with lateral clay mineral 
variations are adequate to show changes within a specific 
study area or series of samples, the results of any particular 
study cannot be directly compared with the results of any 
other individual study. This condition arised from the vast 
proliferation of techniques of clay mineral evaluation; and, 
although, the techniques are usually valid, basic differences 
in them can cause confusing and contradictory results. 
Furthermore, the problem of deriving an overview is confounded 
by the fact that some authors do not state or inadequately 
state what methods were used in obtaining their data. The 
state of knowledge of clay minerals in Recent sediments has 
been summarized thus:
The differences in the conclusions arrived 
at by various investigators derived from the study 
of their analytical data, eg. the importance of 
diagenesis in the marine environment, undoubtedly 
are a consequence, in part at least, of the lack 
of precision in the analytical data and the fact 
■that the analytical data of the investigators 
are not comparable, (p. 528, Grim, 1968).
The Wentworth grade scale defines clay size as having
a diameter of less than 1/256 mm. ( = 0.001395 mm = 3.95
micron) (Wentworth, 1922). The less-than-4 micron size of
clay is well established; however, Grim (1968) has proposed
that the upper size of the clay fraction should be 2 microns
(.002 mm). The less-than-2 micron size has been most often
employed in clay mineralogical studies (Johns, e_t hi., 1954;
Murry and Sayaab, 1955; Weintritt and Fan, 1957; Biscaye, 1965;
Parrenga, 1966; Brooks, 1969). Nevertheless, the less-than-4
micron size fraction (Ehlman, 1968), and the less-than-1
micron and the 2 -to-l micron fractions have been examined
(Grim, Dietz and Bradley, 1949; Grim and Johns, 1953). In
addition some authors, by differences in their methods, have
analysed some exotic size fractions, such as the less - than-1 . 8
micron (Pinsak, 1959) and the less-than-1.3 micron (Zen, 1959).
The size fraction is generally obtained by sedimentation
through a given vertical distance for a period of time as
calculated by Stokes law:
V  = . gCsp-s'i)D2 
18C
or
Where ’ v = velocity
g = acceleration due to gravity
specific gravity of particles
specific’ gravity of medium
particle diameter
viscosity of medium (a function of 
temperature)
■18 Ch
sp
si
D
C
g (SP “ si) D2 ‘
h = height or settling distance 
t = time to settle h
Thus for a given time and a given settling distance, 
the size of a particle which remains in suspension is a function 
of its specific gravity and the viscosity and specific gravity 
of the medium. The most commonly applied particle specific 
gravity is 2.65 (Jackson, 1956); however, clay minerals may have 
specific gravity less than 2.65 particularly if water has been
adsorbed by the clay partitles (Grim, 1968). If all other 
variables are constant, the specific gravity of the particle 
varies inversely as the square of the particle diameter 
(sp ^ _3r) and differences in specific gravity can seriously 
affect the resultant particle size. In most published works, 
the exact method of obtaining a particular size fraction is 
not given and the size fraction is not stated but assumed to 
be accurate, and possible variations in particle specific 
gravity are ignored. Changes in the viscosity and specific 
gravity of the settling medium are minor and are usually ignored.
The particular size fraction used to determine the clay 
suite of a specimen may, in part, determine the mineralogy 
of the suite. Inasmuch as montmorillonite particles usually 
are smaller than kaolinite and illite particles (Grim, 1968) , 
a finer fraction of the sediment usually contains more mont- 
morillonite than a coarser fraction (McAllister, 1968a; Pinsak, 
1959; Gibbs, 1965). Furthermore, kaolinite has a higher 
specific gravity than montmorillonite and illite and kaolinite 
may settle out of suspension more rapidly.
Pretreatment of sediment samples is not standard in 
geological work, and differences in methods may cause differences 
in partidle sizes as well as in mineralogy. The formation 
of particle aggregates by the binding action of organic 
or amorphous material results in inaccurate particle-size 
distribution analyses., Geologists have generally not removed 
organic or amorphous matter, probably because the most widely 
used oxidant (I-^ C^ ) is quite acid and will remove carbonates 
and possibly other minerals as well (McAllister, 1958a, 1964; 
Pinsak, 1959; Porrenga, 1966; Brooks, 1969). Various other 
methods have been used to disperse clays which may affect 
particle size distribution such as the addition of NII^OH 
(Grim, et al., 1949; Pinsak, 1959; Pinsak and Murray, 1959) 
and sodium hexametaphosphate (Murray and Sayaab, 1955).
Other pretreatments have been used such as boiling in NH^Cl 
followed by MgOAc and KOAc (Powers, ,1954; McAllister, 1958a, 
1964). Calcium saturation (Brown and Ingram, 1954),
boiling in 3% LiOH to study ion exchange (Goldberg and Arrhenius, 
1958).
Clays have been mounted in a variety of ways for analysis 
by x-ray diffraction. Some of these include:
1. suction on ceramic ;tile
2. smear on glass
3. pipette bn glass
4. pressed powder
5. centrifugation on glass slide
6. centrifugation on ceramic tile
7. glass slide in suspension
8. capillary tubes
9. pressed paste
10. cellulose acetate tubes
11. random powder
Gibbs, (1965) studied the first seven of these and found that 
"All of the basic techniques investigated show a generally 
adequate precision of about ±10% of each mean" p. 743. and 
finds that the smear, suction and powder give the most precise 
results. He further found that, although the precision of the 
techniques may suffice, there are differences in the accuracies 
of the techniques.
X-ray diffraction is the most widely used method in the 
identification of clay mineral species in modern and ancient 
sediments. X-ray diffraction techniques have become fairly 
constant in the past two decades. These include the use of 
automatic recording devices that plot diffracted radiation 
against 20, a geometric relationship defined by the angle of 
incidence and diffraction. Copper K cc radiation is- used 
almost exclusively.
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Illite is recognized by its basal reflection at 
dooi^lOA. The 10A spacing does not change on heating and does 
not expand by sorption of organic molecules (McAllister 1958a, 
1964; Gagliano, 1963; Gaudette, ert aJL. , 1965). The 10A 
peak of illite has been distinguished from the very sharp 
micav'peak at 10A by a skewness to the low angle portion of 
the diffractogram (Jacobs and Ewing, 1969; Ehlman, 1968).
Smectite is a group name which includes the mineral 
species montmorillonite. Earlier work used the term 
"montmorillonite" rather than "smectite" as a group name, 
however"montmorillonite" as a group name has been superceded 
by "smectite". Smectities are recognized by d-spacings of 
about 15.5A for air dried samples. There is a discrepancy 
in the reported d-spacings of smectites when saturated 
with various organic molecules. Smectites satu­
rated with ethylene glycol are reported to 
swell to 17.7A (McAllister 1958a, 1964; Gagliano,
1963) , however other investigators reported eth­
ylene glycol will expand the smectite to only 17A (MacEwan,
1944, 1946; Griffin, 1962; Schultz, 1964; Biscaye, 1965;
Brooks, 1969; Pierce and Siegel, 1969). Treatment with 
glycerol expands smectites to 17.7A (Walker 1958); however,
MacEwan (1961) and Meade (1964) claimed that glycerol expands 
the smectites to 18A. Walker (1958) offers good evidence of 
smectites imbibing ethylene glycol and swelling to 17.OA and 
glycerol to 17.7A.
Kunze (1955) has shown that montmorillonite will deglycolate 
within hours and the results could give erroneous x-ray 
diffraction results. By scanning the (001) peak of montmor- 
illonite at five minute intervals peak was observed to become 
less intense and the basal spacings contracted. However, the 
material did not collapse uniformly and a series of peaks 
developed and disappeared as the mineral was contracting, 
giving the traces which might have been^ attributed to mixed- 
layer ing. Certainly, quantitative estimates based on relative 
intensity change considerably during evaporation of the glycol.
Three types of expanding material have been described 
in modern sediments. One type has the normal 15.5A basal 
spacing when air dried and has been called the: normal calcium 
montmorillonite. The second type has a basal spacing of 14A 
on air drying and shows properties common to montmorillonite 
and chlorite, and is very much like vermiculite except for 
its ability to imbibe glycol. The chlorite-like component 
has been found to be poorly crystallized with an incomplete 
development of the brucite layer and considerable montmorillo­
nite inter-mixed as revealed following thermal treatment (Grim 
and Johns, 1953; Johns, ert al., 1954). The third type of 
"montmorillonite" is essentially potassium poor illite which 
can be regenerated to illite by the addition of potassium 
(Wood and DeTurlc, 1941; Jeffries, et o/L. , 1953; Barshad,
1954; van der Marel, 1954; Weaver, 1958; Freas, 1962).
Kaolinite is a common constituent of modern sediments..
It is recognized on the basis of a basal spacing at about
7.16A for air dried samples which is not expandable by organic
molecules. However, the (001) kaolinite peak at 7.16A is
nearly indistinguishable from the (002) peak of chlorite at
7.08A. Kaolinite and chlorite are both found in Recent marine'
sediments and their distinction presents some difficulties and
has lead to a great deal of confusion. Heat treatment is often
used to differentiate between kaolinite and chlorite, but the
treatment and its interpretation are not standard. Gagliano
(1963) and Ehlman, (1968) claim that heating at 450°C will
destroy a kaolinite; however in direct contrast, Johns, £t al.,
(19 54) state that "no kaolinite . . . loses its diffraction
o
effects by such heating (450 C) therefore diffraction effects 
at 7 and 3.5A which are lost cannot be due to kaolinite . . . 
it may be concluded that the loss of 7 and 3.5A reflection 
under these conditions must be accounted for by chlorites, 
p. 243.
The basis of the discrepancy of kaolinite - chlorite
data is the lack of properly testing the sample and overlooking
the effect that differences in crystallinity cause in the thermal
properties. In well-crystallized material such as found in
metamorphic and igneous areas, kaolinite will be destroyed
o
by heat treatments of about 600 C and chlorite will not be
affected. However, transport and weathering processes may
o
reverse the situation, and temperatures as low as 450 C may
decompose poorly crystalline chlorites completely, leaving 
kaolinite little affected. Thus the loss of reflection at 7 A 
may be due to kaolinite or chlorite or both (at nearly any 
temperature) depending on the crystallinity of each (Brindley, 
1961). In every study where discrepancies seem to exist 
the degree of crystallinity should be evaluated and its 
effect analysed in terms of each mineral component. The role 
of crystallinity has not been sufficiently appreciated in 
terms of the chlorite-kaolinite distinction and has lead to 
such situations as exemplified by the reported mineralogy of 
the Mississippi River suspended matter sampled at Baton Rouge. 
Johns and Grim (1958) report the Mississippi to contain 
dominantly montmorillonite, plus illite and chlorite with 
no kaolinite; the same year Milne and Earley (1958) report the 
Mississippi to contain dominantly montmorillonite with illite 
and kaolinite but not chlorite.
Chlorite is distinguished from most other clay minerals 
by being soluble in dilute warm hydrochloric acid. This 
property can be used to distinguish chlorite from kaolinite.
Any major reduction in the 7A and 3.5A peaks in an acid leached 
sample as compared to a regularly prepared sample should be 
attributed to chlorite. However, in a kaolinite - chlorite 
mixture such a peak reduction is not well enough defined to 
distinguish from the imprecision of the instrumentation and 
preparation techniques. Furthermore, an increase in the 7 A
peak after acid-leaching a prepared kaolinite-chlorite mixture 
may occur. Presumably the presence of a chlorite, which 
produces a less intense 7A peak than the 7A kaolinite peak, 
can actually decrease the composite peak at 7A in a mixture 
prior to acid treatment. Some earlier investigators used HC1 
in their standard operating procedures and may have inadvertently 
destroyed chlorite (Dietz, 1941; McAllister, ,1958a). Subtle 
differences in d-spacings can be used to distinguish between 
kaolinite and chlorite. By scanning the 7 A peak as slowly 
as possible the 7.16A (12.34° 20) kaolinite peak and the 
7.08A (12.50° 20) chlorite peaks can be distinguished. Similarly, 
and with somewhat better results, the 3.576A (24.91° 20) kaolinite 
peak can be separated from the 3.537A (25.18° 20) chlorite peak. 
Furthermore, the (00 3) kaolinite peak at 2.384A (38.8° 20) 
and/or the (003) chlorite peak at 4.72 (18.8° 20) can sometimes 
be observed in normal sediments (Biscaye, 1964) .
Vermiculite has been recognized in modern sediments, but 
its identification presents some difficulty. Vermiculite 
swells to 14A with ethylene glycol and contracts to about 
9.2k to 10A on heating to 450°C (Ehlman, 1968). It also 
expands to 14A with glycerol and may contract to 10A at 
temperatures as low as 300°C (MacEwan, 1961). Magnesium 
saturated vermiculite plus glycerol almost always gives a 
d-spacing of 14.3A (Walker, 1958). At spacing of 14-14.3A, 
vermiculite may be mistaken for chlorite or mixed-layered 
clays or may be masked by montmorillonite; and Mg saturation 
and glycerol solution are necessary to confirm the presence
of vermiculite. Some sedimentary chlorite is ambivalent in 
its swelling behavior. If non-swelling, it may be mistaken 
for vermiculite or it can swell to ISA with glycerol and may 
be mistaken for smectite. Generally, however, chlorite is 
non-swelling,
Although the methodology of sample preparation, slide 
mounting, and clay identification is in a state of confusion, 
the quantitative interpretation of resulting x-ray diffractograms 
is even less sophisticated. Techniques employed in the inter­
pretation of the diffractograms differ so greatly that it often 
is impossible to recalculate and compare published results.
The size of a diffractogram peak is the result of 
diffracted radiation of a mineral specie or species at the 
particular location. The size of the peak is related to the 
net diffracted intensity which in turn is related to the amount 
of the material present, its degree of crystallinity, orienta­
tion, chemical constitution, particle size, and other factors.
The peak area is taken to be the best measure of the intensity 
(Johns, et aJ., 1954; Klug and Alexander, 1954; Biscaye, 1955; 
Schultz, 1955; Freas, 1962; Neiheisel and Weaver, 1967;
Porrenga, 1966; Knebel _et al., 1968); however, the method of 
defining the peak area is not uniform. A baseline must be 
drawn through the lower open portion of the peak in order to 
enclose an area; most often, however, an author does not state 
how the baseline i\ras established. Schultz (1964) recognizing 
that discrepancies often arise, states "the exact position
of the baseline below critical clay mineral peaks is, to some 
extent subject to the personal judgment of the interpreter" 
p- 66. The peak area is very dependent on the baseline position 
however; and small differences in baselines position can 
cause serious differences in peak areas and, consequently, 
in results.
Discrepancies that arise from baseline positioning can 
be reduced by measuring the differential peak height. This 
method consists of measuring the peak height of maximum 
displacement of the x-ray trace away from the baseline and 
several other trace-to-baseline measurements at a given 2 0 
interval on each side of the peak height. This method gives 
some measure of peak width and reduces aberrant maxima (Schultz, 
1960; Ferrell, 1965; Brooks, 1969). Another method of measuring 
the intensity is the peak height (Griffin, 1962; Gagliano,
1963; Schultz, 1964; Weaver, .1967); however, this method is 
dependent upon one measurement of peak height which may vary 
considerably and which gives no indication of peak width.
Several attempts have been made to isolate various 
components of the clay suite in order to determine how each 
species reacts to irradiation, thus permitting a more accurate 
correlation between diffraction intensity and absolute amount 
(Freas, 1962; Moore, 1965, 1968; Gibbs, 1967). Various 
internal standard techniques have also been used (Jarvis, et_ al. 
1957;Oinuma, et al. , 1959, Moore, 1965, 1968). These methods 
although quite precise, have not gained general acceptance.
The "intensity measurement" itself is not wholly indicative 
of the amount of a given species present. The minerals with 
higher basal spacing have their (001) reflections recorded 
in the low angle portion of the diffractogram. At these low 
angles, the goniometer geometry is such that a direct radiation 
in addition to diffracted radiation is transmitted into the 
detector and the resultant x-ray trace, is reinforced. Generally 
this effect is compensated for by dividing the intensity 
measurement by a constant (Johns, et^  al., 1954). Not all clay 
minerals diffract radiation to the same degree due to crystal 
imperfection, orientation, particle size, and chemical 
differences. These differences are also corrected for by 
introducing weighting factors which are designed to reduce 
these effects and transform intensity data so that it is 
representative of the amount of the numerical component present 
in the sample. These weighting factors are then applied to 
the intensity data, the results totalled, and the amount of 
each species is generally expressed as a percentage of the total 
or as parts in ten. Generally four minerals (montmorillonite, 
kaolinite, illite, and chlorite) are considered to make up 
100% of the clay minerals present. Mixed-layered minerals 
are sometimes included and kaolinite and chlorite are either 
combined or one or the other deleted. Other clay minerals 
are generally considered trace minerals and their presence 
merely noted. There are, however, no uniform set of weighting 
factors which have been accepted and the results obtained by
using a given set of weighting factors is generally not directly 
comparable to results using another set.
The technique described by Johns, dt 'al.., (1954) is perhaps 
the method most often cited and provides the basis for many 
later modifications. They experimentally determined that 
"scattering from three-layer clay minerals at an angle 
corresponding to 17A exceeds by a factor of four the reflected 
intensity of similar material contribution scattering at 10A. 
Thus the intensity values for illite must be multiplied by a 
factor of four before direct comparisons can be made with inten­
sity values at 17A for montmorillonite" p. 250. The 3.5A 
intensity of kaolinite (002) and chlorite is compared directly 
with the 3.3A intensity of illite (002). Kaolinite and chlorite 
are then differentiated by heating to 450° C whereby the chlorite 
is destroyed and the partial loss of intensity is attributed 
to chlorite. Freas (1962) used selective dissolution to isolate 
mineral species and determine their individual scatter factors. 
He determined the weighting factors to be one times the (001) 
peaks areas of both montmorillonite and kaolinite and three 
times the (001) peak area of illite. Many authors have used 
these experimentally derived weighting factors. Other authors 
have used different weighting factors (Table 3). Generally, 
the reasons for the use of a set of weighting factors is not 
stated, possibly because journals may edit out experimental 
data. However, enough other differences in technique generally
TABLE 3
LIST OF WEIGHTING FACTORS USED TO COMPARE 
(001) PEAK INTENSITIES OF CLAY MINERALS 
FROM THE RECENT LITERATURE
Smectite Illite Kaolini
Johns, ejt al_. (1954) 1 4 *
Freas (1962) 1 3  1
Biscaye (1965) 1 4 2
Ferrell, (1965) 1 3 3
Porrenga (1966a) 1 1 1
Neiheisel and Weaver (1967) 1 2  1
Knebel, et al. (1969) 1 4  2
Brooks (1969J 1 3  3
Dobbins, et_ al. (1969) 1 12 4
Jacobs and Ewing (1969) 5 20 8
Russell (1969) 1 2 2
Pevear (in press) 1 4  1
*comparison made using 002 kaolinite and (002) illite 
peak intensities
exist and the data often cannot be mathematically manipulated 
to a standard form.
While more exotic techniques of obtaining semi-quantitative 
estimates of clay mineral abundance, do exist (eg. Murray,
1954; Lapham and Jaron, 1964; Schultz, 1964), they have not 
gained acceptance. Pierce and Siegel (1969) in applying five 
or the most commonly used techniques to a group of samples, 
have pointed out that, although the techniques are internally 
consistent, they are not readily applicable to other studies 
and that their results are highly dependent upon sample 
pretreatment and slide preparation. Although the different 
estimation techniques produced different results, no preference 
was given to any one of the calculation techniques used because 
"each is as well founded as any other in the true quantitative 
sense" (p. 188. Pierce and Siegel, 1969). Most studies of 
clay variations are prefaced by remarks about the extremely 
arbitrary nature of the mineral abundance estimates, but 
these preliminary precautions are ignored and the following 
voluminous interpretations treat the data as though they 
were very accurate and precise.
Based on the discrepancies and lack of consistent techniques 
in all phases of clay mineral evaluation in Recent sediments, 
it is strongly recommended that a standard set of procedures 
be established. These procedures should be derived by a com­
mittee established for that purpose. Some criteria of a set 
of standard procedures include:
1) that the techniques be usable by laboratories with 
modest equipment but including x-ray diffraction.
2) that criteria be established to identify as many 
accessory clays as possible
3) -that quantification of diffractograms be standardiz 
based on experimental considerations
4) that maximum individual incentive be encouraged in 
reporting data, but that all data be referred to
a standard procedure for a modicum of consistency
5) that procedures for improving standard techniques b 
established.
The committee should be formed under the auspices of a 
recognized organization concerned with clay mineralogy, 
probably the Clay Minerals Society.
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APPENDIX A
PRECISION OF PREPARATION AND ESTIMATION 
TECHNIQUES. (SAMPLE GSII-15CE)
N
S
S2
cv
X
Smectite 
11
6 . 2540 
39.1136 
32.70 %
19.1
Illite 
11 
5.5429 
30 .7240 
16.16 
34. 3
Kaolinite 
11 
3.6579 
13.3805 
8.172 
44.8
©\
®
APPENDIX B
SEMIQUANTITATIVE ESTIMATES OF CLAY MINERAL 
ABUNDANCES IN PERCENT OF < 2 y FRACTION
Smectite Illite Kaolinite
GSII-1CA 26 42 32
GSII-1CB 16 43 41
GSII-1CC 20 44 35
GSII-1CD 16 37 47
GSII-1CE 20 40 40
GSII-1CF 15 41 44
GSII-1C (average) 19 41 40
GSII-2CA 16 38 46
GSII-2CB 17 38 46
GSII-2CC 22 44 33
GSII-2CD 17 45 38
GSII-2CE 24 36 40
GSII-2C (average) 19 40 41
GSII-3CA 19 40 42
GSII-3CB 21 37 48
GSII-3CC 18 41 41
GSII-3CD 20 41 39
GSII-3CE 13 40 47
GSII-3CF 17 40 43
GSII-3C (average) 18 40 42
GSII-4CA 18 40 42
GSII-4CB 19 40 40
GSII-4CC 6 52 .42
GSII-4CD 21 42 36
GSII-4CE 14 43 43
GSII-4CF 31 . 34 35
GSII-4CG 18 33 50
GSII-4C 18 40 41
GSII-5CA .22 38 39
GSII-5CB 15 42 42
GS1I-5CC 22 39 38
GSII-5CD 16 42 42
GSII-5CE 20 36 44
GSII-5C 19 40 41
APPENDIX B CONTINUED
Smectite Illite
GSII-6 CA 18 32
GSII-6 CB 30 43
GSII-6 CC 18 40
GSII-6 CD 14 38
GSII-6 CE 15 31
GSII-6 C (average) 19 37
GSII-7CA 14 29
GSII-7CB 14 38
GSII-7CC 7 48
GSII-7CD 13 38
GSII-7CE 2 1 42
GSII-7CF 18 42
GSII-7C (average) 14 40
GSII-8 CA 2 1 32
GSII-8 CB 26 34
GSII-8 CC 23 32
GSII-8 CD 2 1 36
GSII-8 C (average) 2 2 33
GSII-9CA , 16 33
GSII-9CB 14 41
GSII-9CC 1 0 46
GSII-9CD 6 43
GSII-9CE 8 40
GSII-9CF 1 2 47
GSII-9CG 14 48
GSII-9CH 2 0 39
GSII-9CI 1 1 36
GSII-9C (average) 14 42
GSII-10CA 23 37
GSII-10CB 14 34
GSII-10CC nd nd
GSII-10CD 18 38
GSII-10CE 13 40
GSII-10CF 1 1 37
GSII-10CG 15 38
GSII-10CH 9 43
GSII-10CI 14 39
GSII-10C (average) 15 38
GSII-11CA 24 37
GS-II-llCB 7 43
GSII-11CC 17 49
Kaolinite
49 
27
42 
48 
54
44
57
48
45 
48
37 
41
46
48
40 
45
43
44
51
45
44
51
52
41
38
41
42
45
40
52
nd
44
46 
52 
48 
48
46
47
39
50 
34
APPENDIX B CONTINUED
Smectite Illite Kaolinite
GSII-11CD 1 1 48 42
GSII-11CE 12 47 41
GSII-11CF 9 39 51
GSII-11CG 19 44 37
GSII-11CH 15 42 43
GSII-11C (average) 14 43 42
GSII-12CA 19 36 45
GSII-12CB 1 0 46 44
GSII-12CC 16 41 44
GSII-12CD 19 ' 40 41
GSII-12CE 13 32 54
GSII-12CF 1 0 48 42
GSII-12CG 18 21 61
GSII-12CH 19 46 36
GSII-12CI 13 38 49
GSII-12C (average) 16 39 45
GSII-13CA 16 38 46
GSII-13CB 16 32 53
GSII-13CC 13 29 58
GSII-13CD nd nd nd
GSII-13CE 15 33 53
GSII-13CF 1 1 37 52
GSII-13CG 15 42 42
GSII-13C (average) 13 36 51
GSII-14CA 2 34 64
GSII-14CB 17 37 47
GSII-14CC 18 42 40
GSII-14CD 9 32 59
GSII-14CE 1 0 32 58
GSII-14CF 13 38 49
GSII-14CG 13 45 42
GSII-14CH 19 33. 49
GSII-14C (average) 13 36 51
GSII-15CA 9 30 61
GSII-15CB 1 0 40 50
GSII-15CC 9 24 6 6
GSII-15CD 16 26 58
GSII-15CE 19 34 45
GSII-15CF 26 28 62
GSII-15CG 23 39 48
GSII-15C (average) 13 32 56
APPENDIX B CONTINUED
Smectite Illite
GSII-16CA 1 2 30
GSII-16CB 6 34
GSII-16CC 1 2 40
GSII-16CD 2 1 39
GSII-16CE 1 1 35
GSII-16CF 1 2 39
GSII-16CG 1 2 41
GSII-16CH 18 26
GSII-16C (average) 1 2 37
GSII-17CA 1 1 26
GSII-17CB 1 0 41
GSII-17CC 15 40
GSII-17CD 0 41
GSII-17CE 1 1 32
GSII-17CF 14 37
GSII-17CG 1 1 52
GSII-17CH 1 1 34
GSII-17CI 18 48
GSII-17C (average) 1 1 39
GSII-18CA 1 2 46
GSII-18CB 9 46
GSII-18CC 1 1 37
GSII-18CD 8 40
GSII-18CE 9 34
GSII-18CF 1 0 38
GSII-18CG 1 0 42
GSII-18CH 9 45
GSII-18CI 13 42
GSII-18C (average) 1 1 41
GSII-19CA 18 34
GSII-19CB 6 42
GSII-19CC 1 2 42
GSII-19CD 14 46
GSII-19CE 1 1 44
GSII-19CF 6 42
GSII-19CG 16 42
GSII-19CM 14 42
GSII-19C (average) 1 2 42
GSII-20CA 2 1 24
GSII-20CB 23 35
GSII-20C (average) 2 2 30
Kaolinite
59
60
47
40
54
48
47
56 
51
63
49
44 
59
57
49 
36
55 
34
50
41 
46
51
52
56 
52
48 
46
45 
. 48
49 
52
46 
40
45 
52
42 
44
46
55
42
48
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Smectite Illite Kaolinite
GSII-23CA 8 37 56
GSII-23CB 1 2 34 54
GSII-23CC 9 46 45
GSII-23CD 9 43 48
GSII-23CE 16 41 44
GSII-23CF 13 44 43
GSII-23CG 20 29 50
GSII-23C1I 2 2 • 40 38
GSII-23C (average) 14 39 47
GSII-24CA 9 '45 46
GSII-24CB 9 24 67
GSII-24CC 18 28 54
GSII-24CD 20 32 47
GSII-24CE 13 28 59
GSII-24CF 16 32 52
GSII-24CG 16 38 46
GSII-24CH 16 24 50
GSII-24CI 17 32 51
GSII-24C (average) 15 31 54
APPENDIX C CALCULATED AND MEASURED CONCENTRATIONS BASED ON MIXING.*
Sample
cJ/o
Sea
Water
Meas. - 
mg/ 1  
Si
Calc.
mg/ 1
Si
Calc.
mg/ 1
Ca
Meas.
mg/ 1
Ca
Calc.
mg/I
SO^
Meas.
mg/ 1
SO^
Calc.
mg/ 1
Mg
Calc.
mg/ 1
HCC,
3 ..
Meas.
mg/ 1
.hco3
Calc.
mg/1
Na
Me
m,s
N
GS II 1 - 1 0 90 0 . 2 3 .50 382 340 25 0 0 2375 1 1 9 0 9,900 1 0 ,
GS II - 1- 9 0 . 96 5-79 .28 406 357 2 6 6 0 2550 1 2 7 0 - - 1 0 , 5 0 0 1 1 ,
G5 II - 2 - 1 0 91 <0 ol2 .48 3 8 6 357 2530 2525 1 2 1 0 - - 1 0 , 0 0 0 1 1 ,
GS II - 2 - 9 0 98 0.25 0 . 2 0 414 343 ■ 2 7 1 0 2538 1 3 0 0 146 127 1 0 , 8 0 0 1 0 ,
GS II — 3 - 1 0 86 0 . 2 6 0. 6 8 368 ;>35 2400 2 2 5 0 1140 144 118 9, 5 0 0 9,
GS II - >90 97 0 . 6 6 0.24 410 345 2 6 9 0 25 1 2 1 2 9 0 145 121 1 0 , 7 0 0 1 0 ,
GS II - 4-10 98 0 . 1 2 -0. 2 0 4l4 332 27 1 0 2513 1 3 0 0 146 117 1 0 , 8 0 0 9,
GS II - 4-90 1 0 0 0.47 0 . 1 0 420 357 2 7 7 0 1750 1 3 2 0 146 1 2 1 1 1 , 0 0 0 1 0 ,
GS II - 5-10 76 0 . 3 2 1.04 530 335 2140 2425 1 0 1 0 l4l 122 8,400 1 0 ,
GS II — 5-90 91 0.46 0.48 38 6 3 6 0 2 5 3 0 2 5 2 0 1 2 1 0 1 44 117 1 0 , 0 0 0 1 1,
GS II - 6-10 89 0.17 0 . 5 6 380 340 2 4 7 0 2375 1180 144 1 2 1 9 , 7 0 0 1 0 ,
GS II - 6-90 93 0.33 o.4o 394 350 25 8 0 2503 1 2 3 0 145 119 1 0 , 3 0 0 1 1,
GS II — 7 - 1 0 91 <0 . 1 2 0.48 3 8 6 3 4 3 2 5 3 0 2 5 0 0 1 2 1 0 144. 12 1 1 0 , 0 0 0 1 0 ,
GS II - 7-90 96 0.42 0.28 4o6 353 26 6 0 2538 1270 145 122 1 0 , 5 0 0 1 0 ,
GS II - 8 - 1 0 90 0.49 0 . 5 0 382 345 2 5 0 0 2513 1 1 9 0 iLL_u * • 127 9 , 9 0 0 1 0 .;
GS II - 8 - 9 0 . 98 1.53 0 . 2 0 4l4 355 27 1 0 2425 1 3 0 0 145 12 2 1 0 , 8 0 0 1 0 ,
GS II - 9 - 1 0 83 0.14 0 . 8 0 356 330 2 3 1 0 2425 11 0 0 143 119 9 , 2 0 0 9,
GS II — 9-90 • 92 0.17 0.44 390 341 2 5 5 0 2503 1 2 2 0 145 121 1 0 , 2 0 0 1 1 ,'
GS II - 1 0 - 1 0 * 68 <0 . 1 2 1.40 30 0 363 1 9 1 0 2425 • 910 'l40 119 7,500 1 1 ,'
GS II - 1 0 - 9 0 96 <0 . 1 2 0.28 4oS 353 2 6 6 0 2513 12 7 0 145 125 1 0 , 5 0 0 1 0 , i
GS II - 1 1 - 1 0 68 0.43 1.40 3 0 0 2 8 5 19 1 0 1700 910 140 115 7,500 8 ,<
GS II - 11-40 78 0.67 1. 0 0 338 287 2 1 8 0 2075 1040 - - 8 , 6 0 0 7,'
GS II - 1 2 - 1 0 76 0.55 1.04 330 2 9 0 ^j.'tO 2075 1 0 1 0 i4l Ill 8,400 8 ,<
GS II - 1 2 - 9 0 91 0.59 0.48 386 350 2530 2550 1 2 1 0 144 119 1 0 , 0 0 0 1 1 , <
GS II - 1 3 - 1 0 8 5 0. 2 8 0.72 364 325 2370 ' 2375 1 1 3 0 143 117 9 , 3 0 0 9,'
GS II - 13-30 93 O.63 0..40 394 34 5 2 5 8 0 2625 1 2 3 0 145 1 2 1 1 0 , 3 0 0 1 0 ,'
GS II - 14-10 84 0.46 O.76 5 6 0 32 0 2340 2525 1 1 2 0 143 1 2 1 9 , 3 0 0 9,'
GS II - 14-80 92 0.73 0.44 390 340 2 5 5O 2575 1 2 2 0 145 1 2 1 1 0 , 2 0 0 1 0 ,;
APPENDIX C CONTINUED
Sample
cl/t>
Sea
Water
Meas*
mg/1 '
Si
Calc*
mg/ 1
Si
Calc.
mg/1
Ca
Meas.
mg/ 1
Ca
Calc.
mg/1
SO^
Meas.
mg/ 1
so k
Calc . 
mg/ 1
Mg
Calc.
mg/ 1
ECO,
5
Meas.
mg/1
ECO,
_ . P
Calc.
mg/ 1
Na
1
Vt
GS II - 15-10 88 0.17 0 . 6 0 376 317 2440 2513 1170 143 119 9,700 1C
GS II - 15-110 96 0*50 0. 2 8 4o6 335 2 6 6 0 2525 1 2 7 0 145 12 1 1 0 , 5 0 0 1C
GS II - 16-10 86 0.57 0. 6 8 368 317 2400 2375 1140 144 1 2 8 9,500 c
GS II - 16-140 10 0 o.42 0 . 1 0 420 350 2770 2563 1 3 2 0 146 12 6 1 1 , 0 0 0 1C
GS II - 17-10 99 0.35 0 . 1 6 416 337 2740 25 0 0 1 3 1 0 146 117 1 0 , 9 0 0 c
GS II - 17-lif0 1 0 0 <0 . 1 2 0 . 1 0 420 343 2770 2 5 2 0 13 2 0 146 1 2 1 1 1 , 0 0 0 ii
GS II - 18-10 79 0.14 0.96 342 28 0 2 2 0 0 2125 10 5 0 142 122 8 , 7 0 0 rt
GS II - 18-140' 10 0 0.41 0 . 1 0 420 337 . 2770 2425 . 1 3 2 0 146 1 2 1 1 1 , 0 0 0 1]
*taken from Morgan, et al., unpub1., analyses by Dr. Gale 
K. Billings.
APPENDIX D
pH OF CORES AS MEASURED BY ELECTRODE INSERTION
Core A Core A Core B CoreB
Top pH Bottom pH Top pH Bottom pH
GS II - 1 7.5 6.8 - -
GS II - 2 7-^ 7.6 7.9 7.5
gs ii - 3 7.4 7.7 7.4 7.7
C-S II - V 7-5 7.3 ■ 7 A 7.5
GS II - 3 ? A 7.5 7.7 7.3
GS II - 6 7.8 7.5 8.1 8.0
GS II - 7 7.5 8 A 7.5 8 . 2
G3 II - 3 7.5 7.8 7.6 7.8
GS II - 9 ? A 7.3 7.2 7.0
GS II - 10 7.5 7 A 7 A 7.5
GS II - 11 8. 0 7.8 - -
GS II - 12 7.5 ? A 7.5 7 A
GS II - 13 7.1 6.9 7.0 ■ 6.8
GS II - lif 6.9 7.1 6.8 7.0
GS II - 15 7.2 6.9 6.9 7.1
GS II - 16 7.3 7.2 7.3 7.2
GS II - 17 7.5 7.2 7.5 7.2
GS II - 18 7.6 ■ 7.3 7.5 7 A
GS II - 19 7.2 ? A 7.3 7.5
GS II - 20 7.7 7.2 - -
GS II - 21 7.9 7.8 7.6 7.7
GS 11-22 - — - -
GS II - 23 7.0 6.9 - -
APPENDIX E
INTERSTITIAL WATER CHEMISTRY
Sr
mg/I
Ca
mg/ 1
K
mg/ 1
Na
0 / 0 0
Mg • 
mg/ 1
Cl
0 / 0 0 pH
hco3
ppm
Si° 2
pm
GSII-1CA 5.7 67 603 13.20 1266 * 20.9 7.8 1620 34.0
GSII-1CB 5.0 40 563 12.72 1272 2 1 . 6 8 . 1 1690 43.5
GSII-1CC 8 . 8 370 691 13.62 1452 23.5 8 . 2 1680 . nd
GSII-1CD 6.7 128 673 13. 20 1422 18.0 7.9 1380 nd
GSII-ICE 7.6 240 639 14.10 1410 2 1 . 2 8 . 0 1130 51.5
GSII-1CF 6.9 245 673 13.62 1422 21.4 7.8 960 58.0
GSII-1C (average) 6 . 8 181 640 13.41 1374 2 1 . 1 7.9 1400 46.8
GSII-2CA 5.9 1 1 0 645 1 1 . 8 8 1320 20.9 7.7 1340 40 .0
GSII-2CB 5.9 6 8 663 1 2 .66 1308 20.9 7.9 1290 45 .0
GSII-2CC 6 . 1 93 673 12 .30 1326 20.9 8 . 0 1300 45 .0
GSII-2CD 7.0 215 672 12.30 1350 2 1 . 0 7.7 960 32.0
GSII-2CE 7.8 320 639 12.72 1362 2 . 1 0 7.6 780 34.5
GSII-2C (average) 6.5 161 639 12,37 1333 20.9 7.8 1340 39 .3
GSII-3CA 5.7 75 604 12.72 1266 22.3 7.7 1480 48.5
GSII-3CB 5.7 90 677 13.14 1344 2 1 . 6 8 . 0 1570 47.5
GSII-3CC 6 . 0 1 2 2 735 12.96 1392 21.9 8 . 0 1430 47.5
GSII-3CD 7.1 230 732 12.72 1368 2 1 . 0 8 . 0 950 40 .0
GSII-3CE 7.4 230 683 12.72 1362 21.4 7.9 930 44 .0
GSII-3CF 7.3 180 . 712 12.96 1386 21.3 7.7 1230 50 .0
GSII-3C (average) 6.5 154 712 12.87 1353 -2 1 . 6 7.9 1270 46.2
GSII-4CA 7.1 195 656 1 2 .60 1368 21.5 7.6 940 ' 50.0
GSII-4CB ' 7.3 300 650 1 2 . 6 6 1368 2 1 . 2 7.6 860 50.0
GSII-4CC nd nd nd nd nd nd 7.7 850 nd
GSII-4CD 8 . 1 350 654 12.24 . 1350 2 0 . 1 7.8 600 47.0
o
h
APPENDIX. E CONTINUED
Sr
mg/ 1
Ca
mg/ 1
K
mg/ 1
Na
0 / 0 0
Mg
mg/ 1
Cl
0 / 0 0 pH
hco3
ppm
Si02
ppm
GSII-4CE 7.4 410 727 12.72 1410 2 0 . 1 7.8 400 52.5
GSII-4CF nd nd 609 12 .30 1410 24.0 7.8 380 40.5
GSII-4CG nd nd nd nd nd nd nd nd nd
GSII-4C (average) 7.5 314 659 12 .50 1385 21.4 7.7 670 48.0
GSII-5CA 4.9 1 2 2 620 12.60 1386 21.3 7.5 1060 38.5
GSII-5CB 6.5 108 607 13. 20 1308 2 1 . 0 7.8 1 2 0 0 39 .0
GSII-5CC 7.5 2 0 0 598 12.40 1280 24.0 8 . 0 910 25.0
GSII-5CD 8.4 400 639 12.42 1386 2 0 . 8 7.7 750 48.5
GSII-5CE 7.7 300 675 13.56 1386 2 1 . 2 7.9 710 41.5
GSII-5C (average) 7.0 226 628 12.84 1349 21.7 7.8 930 38.5
GSII-6 CA nd 115 632 13.20 1386 2 1 . 2 7.9 1150 34.8
GSII-6 CB 6.3 141 635 12.96 1320 22.4 8 . 0 1280 26.3
GSII-6 CC 6.7 2 0 0 625 12.42 1320 2 1 . 6 7.8 1 0 2 0 55.5
GSII-6 CD 9.4 230 789 14.60 1510 25 .0 8 . 0 660 18.0
GSII-6 CE 7.2 237 638 13.20 1356 2 1 . 2 7.6 820 34.0
GSII-5C (average) 7.4 185 664 13.28 1378 22.3 7.9 990 33.7
GSII-7CA 6.3 95 652 12.72 1290 2 1 . 2 7.6 nd nd
GSII-7CB 8 . 2 320 749 14.52 1566 24.3 7.6 840 nd
GSII-7CC 8 . 1 410 662 12 .36 1332 20.9 7.6 640 nd
GSII-7CD 8.4 410 665 12.24 1302 20 .4 7.6 750 nd
GSII-7CE 7.5 361 693 12.30 1332 2 0 . 0 7.5 640 nd
GSII-7CF 1 0 .0 500 782 12 .30 1500 2 1 . 6 7.5 640 nd
GSII-7C (average) 8 . 1 349 700 14.79 1387 25.0 7.6 700 57.0
GSII-8 CA 8 . 8 1 0 0 nd 23.60* 3000* 39.8* 7.8 1580* nd
GSII-8 CB 1 1 .0* 360 nd 17.40* 1840* 28.0* 7.8 750 nd
GSII-8 CC 8 . 6 440 nd 12.30 1482 2 1 . 2 7.9 720 nd
GSII-8 CD 7.5 360 nd 12.72 1470 21.3 7.8 480 nd
GSII-8 C (average) 9.0 315 967 16.50 1948 27.6 7.8 880 42.0
APPENDIX E CONTINUED
Sr
mg/ 1
Ca
mg/ 1
K
mg/ 1
Na
0 / 0 0
Mg
mg/ 1
Cl
0 / 0 0 pH
hco3
ppm
Si02
ppm
GSII-9CA 7.1 141 675 13.08 1374 22.5 ' 7.6 1 2 2 0 nd
GSII-9CB 6.3 1 1 0 662 12.72 1320 2 1 . 0 7.7 1380 nd
GSII-9CC 6.4 1 2 2 681 12.30 1278 2 1 . 6 7.8 1300 nd
GSII-9CD 6.5 180 653 12.72 1248 21.3 7.6 1360 nd
GSII-9CE 7.5 150 611 12.62 1242 24.3 7.8 1390 nd
GSII-9CF 8 . 2 400 646 13.20 1332 21.9 7.7 1 2 0 0 nd
GSII-9CG 8.4 400 618 12.30 1254 2 0 . 1 7.8 1 1 2 0 nd
GSII-9CH 8.9 340 508 1 0 . 6 8 1068 17.4 7.8 1250 nd
GSII-9CI 8 . 6 390 575 12.18 1224 20 .0 7.6 1160 nd
GSII-9C (average) 7.5 248 626 12.42 1260 2 1 . 1 7.7 1260 49.3
GSII-10CA 7.0 217 603 12.30 1290 2 0 . 8 7.6 1360 nd
GSII-10CB 6 . 0 165 643 13.08 1314 2 1 . 0 7.7 1270 nd
GSII-10CC 6.4 180 684 1 2 . 0 0 1320 2 1 . 6 7.5 1340 nd
GSII-10CD 5.9 94 637 12.30 1254 20 .6 7.8 1500 nd
GSII-IOCE 6.5 190 667 "12.30 1320 20.4 7.7 1 2 0 0 nd
GSII-10CF 8.4 390 682 12.30 1332 19.8 7.7 1 2 0 0 nd
GSII-IOCG 8 . 6 400 732 12.62 1380 2 2 . 2 7.8 1060 nd
GSII-IOCH 7.8 320 673 13.68 1362 30 .0 7.9 940 nd
GSII-IOCI 9.8 520 891 16.50 1800 26.4 7.8 910 nd
GSII-IOC (average) 7.4 275 690 13.01 1377 22.5 7.7 1 2 0 0 51.0
GSII-11CA 6 . 0 95 585 12.24 1320 20.7 7.8 1390 nd
GSII-11CB 7.9 460 595 12.48 1320 21.3 7.9 1390 nd
GSII-11CC 8 . 2 400 628 12.06 1350 20.4 7.9 1300 nd
GSII-11CD 8.3 400 554 1 2 .00 1320 2 0 . 1 7.9 1260 nd
GSII-11CE 8 . 2 400 598 12.30 1338 2 0 . 6 7.9 1060 nd
GSII-11CF 8 . 2 421 622 12.30 1320 2 1 . 0 7.9 960 nd
GSII-11CG 8.3 417 625 12.24 1350 20.7 7.9 1 1 2 0 nd
GSII-11CH 8 . 2 415 626 . 12.18 1320 2 0 . 0 8 . 0 1 1 1 0 nd
GSII-11C (average) 7.9 376 604 1 2 . 2 2 1334 2 0 . 6 7.9 1250 51.0
<
(
APPENDIX
Sr Ca K
mg/ 1 mg/ 1 mg/ 1
GSII-12CA 7.4 180 629
GSII-12CB 5.9 1 0 2 619
GSII-12CC 6.3 150 696
GSII-12CD 6.4 94 765
GSII-12CE 5.9 150 667
GSII-12CF nd 2 2 0 681
GSII-12CG nd 2 2 0 nd
GSII-12CH 6 . 2 178 638
GSII-12CI 6 .6 225 625
GSII-12C (average) 6.4 169 665
GSII-13CA 5.1 70 424
GSII-13CB 5.0 33 369
GSII-13CC 5.2 36 367
GSII-13CD 5.4 49 344
GSII-13CE 5.9 81 369
GSII-13CF 4.9 45 407
GSII-13CG 7.1 150 409
GSII-13C (average) 5.5 66 384
GSII-14CA 5.1 52 434
GSII-14CB 5.0 50 475
GSII-14CC 4.2 25 460
GSII-14CD 6 . 2 145 467
GSII-14CE 7.5 197 457
GSII-14CF 5.2 85 460
GSII-14CG 7.4 185 424
GSII-14CH 7.7 225 437
GSII-14C (average) 6 . 0 119 452
CONTINUED
Na Mg Cl hc°3
S i 0 2
0 / 0 0 mg/.l 0 / 0 0 pH ppm ppm
12.72 1320 21.4 7.8 1520 nd
14.28 1266 22.4 7.9 1370 • nd
12.30 1266 2 1 . 6 7.8 1360 nd
15.30 1530 25.5 7.8 1530 ’ nd
12.54 1260 2 1 . 0 7.8 1370 nd
nd 1260 nd 7.8 1270 nd
12.72 1248 19.8 7.9 1 1 1 0 nd
1 2 . 0 0 1320 13.5 7.8 1 1 1 0 nd
13.20 1320 2 1 . 0 7.7 1230 nd
13.16 1310 20.8 7.8 1320 55.0
11.70 1290 2 0 . 6 7.4 1760 34.5
12.30 1326 2 1 . 0 7.4 2140 15.5
1 2 . 0 0 1320 20.7 7.5 1940 17.5
11.58 1332 2 0 . 6 7.4 1 2 1 0 16.0
12.30 1362 20. 7 7.8 2160 20.5
12.24 1332 20.7 ' 7.9 1840 21.5
1 2 . 0 0 1344 2 1 . 6 7.7 2 1 2 0 23.5
1 2 . 0 2 1330 ■ 2 0 . 8 7.6 1880 21.3
12.72 1332 2 1 . 6 7.4 1980 16.5
12.36 1320 2 1 . 0 7.4 1910 22.5
1 2 . 1 2 1272 2 1 . 0 7.6 1920 18.0
1 2 . 1 2 1290 2 1 . 2 7.5 1980 27.5
12.30 1320 2 0 . 6 7.4 1810 24.0
12.30 1320 2 1 . 0 7.3 1600 nd
1 2 . 0 0 1290 20.4 7.4 1980 17.0
12.30 1308 2 0 . 2 7.3 1 2 0 0 19.5
12.25 1331 20.9 7.4 1800 20.7
APPENDIX E CONTINUED
Sr
mg/ 1
Ca
mg/ 1
K
mg/ 1
Na
0 / 0 0
Mg
mg/ 1
Cl
0 / 0 0 PH
hc°3
ppm S l 0 2ppm
GSII-15CA 4.9 64 460 12.30 1266 2 1 . 0 7.4 1920 28.0
GSII-15CB 5.7 90 464 12.24 1326 2 1 . 2 7.7 1770 ■ 27.5
GSII-15CC 6 . 0 1 0 2 472 12.30 1326 22.5 7.6 1700 nd
GSII-15CD 5.4 67 471 12.18 1290 20.7 7.8 1540 37.5
GSII-15CE 7.0 150 409 12.30 1290 20 .6 7.7 1340 25.0
GSII-15CF 7.5 195 422 1 1 . 8 8 1326 19.6 7.7 1250 25.0
GSII-15CG nd nd nd nd nd nd nd nd nd
GSII-15C (average) 6 . 1 1 1 1 449 .1 2 . 2 0 1304 20.9 7.6 1590 28.6
GSII-16CA 6.5 2 1 0 568 12.30 1290 2 1 . 0 7.6 1920 nd
GSII-16CB 6 . 0 1 2 1 521 12.24 1266 19.8 7.6 1700 33.5
GSII-16CC 6 . 0 1 2 1 571 12.18 1266 20 .0 7.7 1400 33.0
GSII-16CD 8 . 0 225 492 12.72 1266 2 0 . 6 7.6 1070 26.0
GSII-16CE 9.1 295 540 11.76 1230 19 .5 7.4 770 nd
GSII-16CF 9.5 282 459 1 2 . 0 0 1284 2 0 . 8 7.1 680 17.0
GSII-16CG 1 0 . 0 270 407 12.30 1296 2 0 . 6 7.2 620 13.5
GSII-16CH 1 0 . 0 260 378 1 2 . 1 2 1266 2 0.. 1 7.0 500 15.0
GSII-16C (average) 8 . 1 224 492 1 2 . 2 0 1271 20.3 7.4 1090 23.0
GSII-17CA 5.6- 6 8 331 12.48 1254 2 0 . 8 7.7 1300 29.0
GSII-17CB 8.7 1 2 1 640 13.14 1320 2 2 . 8 7.8 1940 50.0
GSII-17CC 7.0 2 2 0 • 608 12.36 1 2 0 0 2 0 . 8 7.7 1600 47.0
GSII-17CD 6.3 142 564 12.30 1 2 0 0 2 0 . 6 7.6 1460 36 .0
GSII-17CE 7.6 205 591 12.24 1 2 1 2 20 .0 7.4 1090 38.5
GSII'17CF 8.5 278 505 1 2 . 0 0 1 2 1 2 2 0 . 8 7.4 940 29.5
GSII-17CG 9.3 260 451 1 2 . 0 0 1194 20.4 7.5 790 34.9
GSII-17CH 1 0 . 0 290 479 13.20 1290 22.5 7.4 540 nd
GSII-17CI 9.6 260 445 12.24 1194 2 0 .6 7.3 420 30.0
GSII-17C (average) 8 . 1 2 0 2 513 12.44 1231 20.9 7.6 1 1 2 0 36.9
c
APPENDIX -E CONTINUED
Sr
mg/ 1
Ca
mg/ 1
K
mg/ 1
Na
0 / 0 0
Mg
mg/ 1
Cl
0 / 0 0 pH
HC°3
ppm
SiOz
ppm
GSII-18CA 6 . 5 132 663 12.96 1266 2 1 . 8 7.7 1620 43.0
GSII-18CB 6 . 0 1 0 2 610 12.96 1230 2 1 . 6 7.8 1750 46.0
GSII-18CC 6 . 2 89 672 13.20 1272 2 1 . 0 7.8 1950 48.0
GSII-18CD 5.3 49 674 1 2 . 6 6 1218 2 1 . 1 7.8 1540 33. 5
GSII-18CE 6 . 0 108 653 12.30 1194 2 1 . 8 7.9 1870 37.5
GSII-18CF 5.6 1 0 0 658 12.72 1218 2 0 . 2 7.9 1520 38.0
GSII-18CG 5.8 1 1 2 633 14.10 1218 21.3 7.7 790 43.5
GSII-18CH 7.0 1 2 2 671 15. 30 1800 20.4 8 . 0 1380 35 .5
GSII-18CI 7.0 215 579 1 2 . 1 2 1194 19.5 7.8 1610 42.5
GSII-18C (average) 6 . 2 114 645 13.15 1290 2 1 . 0 7.8 1560 36.4
GSII-19CA 7.0 195 612 12.96 1260 20.4 7.8 1370 nd
GSII-19CB 6 . 3 150 607 12.24 1266 21.5 7.9 1440 nd
GSII-19CC 7.9 340 646 1 2 . 0 0 1272 20.4 7.8 1180 nd
GSII-19CD 6.5 205 618 12.54 1278 20.5 7.9 nd nd
GSII-19CE 7.3 250 639 1 2 . 0 0 1278 19.9 7.7 900 nd
GSII-19CF 7.4 265 695 12 . 72 1302 20.4 7.8 730 nd
GSII-19CG 6 .6 215 633 12.60 1278 20 .4 7.6 660 nd
GSII-19CH 8 . 0 300 722 15.62 1416 2 2 . 2 7.8 1060 nd
GSII-19C (average) 7.1 240 646 12 .58 1294 20 . 7 7.8 1050 47.5
GSII-20CA 6.3 67 551 11.52 1 2 0 0 2 0 .6 7.7 1540 nd
GSII-20CB 8.5 440 571 1 2 .18 1170 20.4 7.8 1420 nd
GSII-20C (average) 7.4 253 564 11.85 1185 20.5 7.8 1480 46.5
GSII-21C 1 inch 4.8 1 0 2 468 9.30 978 2 2 . 8 nd nd nd
GSII-21C 2 inch 5.0 132 538 9.30 978 16.2 nd nd nd
GSII-21C 3 inch 5.2 180 499 9.00 978 14.7 nd nd nd
GSII-21C 4 inch 5.7 240 524 1 0 . 2 0 1 0 0 2 15.3 nd nd nd
GSII-21C 5 inch 6 .6 350 519 9.84 996 15 .9 nd nd nd
Q
«
APPENDIX E CONTINUED
Sr Ca K Na Mg Cl hc°3 Si° 2
mg/ 1 mg/ 1 mg/ 1 0 / 0 0 mg/ 1 0 / 0 0 ■pH ppm ppm
GSII-21C 6 inch 6 . 0 295 513 10.80 1008 15.9 nd nd nd
GSII-21C 7 inch 6.5 295 517 10.80 1 0 2 0 16.8 nd nd nd
GSII-21C 8 inch 6.3 315 546 10 .92 996 16.5 nd nd nd
GSII-21C 9 inch 6.7 300 531 1 0 . 6 8 1026 16.8 nd nd nd
GSII-21C 10 inch 7.0 362 556 11.70 1080 16.5 nd nd nd
GSII-21C 11 inch 7.2 340 529 1 0 . 6 8 1068 16.5 nd nd nd
GSII-21C 1 2 inch 7.0 380 773 14.10 1500 2 2 . 2 nd nd nd
GSII-21C 13 inch 7.2 310 572 11.70 1140 27.0 nd nd nd
GSII-21C 14 inch 7.7 402 516 12.30 1380 20 .9 nd nd nd
GSII-21C 15 inch 7.0 375 541 10.14 1080 17.4 nd nd nd
GSII-21C 16 inch 6.3 273 575 11.40 1014 nd nd nd nd
GSII-21C(aveirage) 6.4 284 545 10 .80 1078 18.1 nd nd 47.0
GSII-23CA 5.9 225 26S 7.50 912 13.5 7.5 1180 nd
GSII-23CB 5.4 150 291 7.50 900 12.9 7.4 1700 nd
GSII-23CC 5.3 2 2 0 388 8 . 0 0 912 14.0 7.6 1690 nd
GSII-23CD 5.4 150 334 8.52 972 14.6 7.6 1640 nd
GSII-23CE 5.1 1 1 0 333 8.70 1 0 2 0 15.0 7.6 1740 nd
GSII-23CF 4.6 67 316 8 . 8 8 1050 16.1 7.6 2530 nd
GSII-23CG 4.3 49 304 8.70 990 14.7 7.8 1880 nd
GSII-23CH 4.3 50 304 8.70 972 15 .0 7.8 1570 nd
GSII-23C (average) 5.0 131 317 8.45 966 14.5 7.6 1780 42.0
GSII-24CA < 1 24 95 0 . 2 0 53 .43 7.3 650 nd
GSII-24CB < 1 30 208 0.30 65 .52 7.4 680 nd
GSII-24CC < 1 32 248 0.30 79 .55 7.4 680 nd
GSII-24CD < 1 36 182 0.25 62 .60 7.7 660 nd
o:
APPENDIX E CONTINUED
Sr
mg/ 1
Ca
mg/ 1
K
mg/ 1
Na
0 / 0 0
Mg
mg/ 1
Cl
0 / 0 0 ;pH
hc°3
ppm
SiO
ppm
GSII-24CE < 1 36 103 0.44 62 .54 7.4 640 nd
GSII-24CF 1 . 0 62 97 0.17 62 .52 7.2 630 ’ nd
GSII-24CG 1 . 0 142 80 0.17 70 .52 7.2 700 nd
GSII-24CH 1 . 2 50 2 2 0 0 .40 162 .82 7.4 710 nd
GSII-24CI < 1 56 53 0.13 70 .50 7.4 690 nd
GSII-24C (average) < 1 52 142 0.26 76 .56 7.4 670 29.0
(*data incorrect, sample partially evaporated)
OC
cc
APPENDIX E2 
PRECISION TESTS
Sr Ca K Na Mg Cl pH HC° 3 Si° 2
N 9 9 8 9 11 9 4 4 1 1
X 5.22 171.4 310.3 9.52 1332 15.93 7.32 1405 49.3
2s 0.0245 136.3 605 .3 0.039 986.4 0.51 0.008 6033 • 3.76
s 0.0158 11.7 24.6 0 .198 31.4 0.71 0.089 77.7 1.94
CV 0.3% 6 .8 % 8 .0 % 2 .1 % 2.4% 0.5% 1 .2 % 5.5% 3.9%
c
APPENDIX F
EXCHANGEABLE CATIONS 
(meq/lOOg)
Mg Ca Na K Total
GSII-1CA 24.9 24.0 11.7 4.9 65.5
GSII-1CB 28.0 26.0 21.3 7.1 82 .4
GSII-1CC 26.4 22.5 26.1 7.5 82.5
GSII-1CD 27.7 17.5 33.9 7.1 8 6 . 2
GSII-1CE nd 19.5 13.9 6 . 5 nd
GSII-1CF 28.0 19.0 20.4 6 . 2 73.6
GSII-1C (average) 27.0 21.4 2 1 . 2 6.5 76.1
GSII-2CA 27.2 30.0 26.1 6.4 89.7
GSII-2CB 26.4 29.0 2 1 . 8 7.8 85.0
GSII-2CC 25.6 22 . 5 22.4 7.5 78.0
GSII-2CD 23.9 2 0 . 0 23.5 6 . 2 73.6
GSII-2CE 26.4 2 1 . 0 1 2 . 6 nd nd
GSII-2C (average) 25.9 24.5 21.3 7.0 78.7
GSII-3CA 12.4 32 . 5 44.4 3.3 92.6
GSII-3CB 26.4 26.5 20.4 7.3 80.6
GSII-3CC 26.4 29.0 23.9 7.5 8 6 . 8
GSII-3CD 28.0 30 .0 26.1 7.3 91.4
GSII-3CE 27.2 26.0 1 2 . 2 6 . 3 71.7
GSII-3CF 25.1 23.5 20.4 7.2 76.2
GSII-3C (average) 25.2 27.9 24.6 6.5 84.2
GSII-4C (average) 26.4 28.5 2 1 . 8 6 .6 83.3
GSII-5C (average) 27.2 2 1 . 0 29.1 8 . 2 85 . 5
GSII-6 C (average) 25.6 26.5 28 . 3 7.2 87.6
GSII-7C (average) 28.9 25.0 25.6 7.2 86.7
GSII-8 C (average) 29.7 24.0 27.0 8.3 89.0
GSII-9C (average) 28.0 28.0 35.6 8.7' 100.3
GSII-10C(average) 28.0 24.5 28.7 8 . 2 89.4
GSII-11C(average) 28.0 28.0 28.7 8.4 93.1
GSII-12C(average) 28.0 19 .0 32 .6 8.4 8 8 .0
APPENDIX F CONTINUED
Mg Ca Na K Total
GSII-13CA 27.7 15.5 14.8 5.0 63.0
GSII-13CB 28.9 16.0 30.5 6.3 81.7
GSII-13CC 21.5 13.0 61.0 4.7 1 0 0 . 2
GSII-13CD ---- 13.5 32 .6 5.7 nd
GSII-13CE 26.4 13.5 25.2 5.1 70 .2
GSII-13CF 24.8 15.0 23.9 5.9 69.6
GSII-13CG 24.8 16.5 19 .6 5.0 65.9
GSII-13C (average) 25.7 14.7 29.6 5.4 75.4
GSII-14CA 27.7 15.0 2 1 . 8 5.6 70.1
GSII-14CB 23.9 14.5 23.9 5.4 67.7
GSII-14CC 26.0 14.0 44.4 7.5 91.9
GSII-14CD 26.4 18.0 37.8 6 . 2 88.4
GSII-14CE 25.2 14.5 36 . 5 5.8 82.0
GSII-14CF 26.4 14.5 24.4 5.7 71.0
GSII-14CG 26.4 14.0 24.4 5.8 70.6
GSII-14CH 28.9 1 1 . 0 2 1 . 8 5.6 67.3
GSII-14C (average) 26.4 14.4 29 .4 6 . 0 76.2
GSII-15CA 28.5 14.0 35.2 5.6 83.3
GSII-15CB 25.6 13.5 27.0 5.7 71.8
GSII-15CC 22.7 14.5 44.0 6 . 1 78.3
GSII-15CD 24.8 17.5 30 . 5 6 . 0 78.8
GSII-15CE 25.2 15.5 26 .1 6 . 0 72.8
GSII-15CF 28.9 14.5 24.4 5.9 73.7
GSII-15C (average) 25.9 14.9 29 . 5 5.9 76.2
GSII-16CA 28.9 15.5 32 .6 7.2 84.2
GSII-16CB 23.9 14.0 38.0 6.5 84.4
GSII-16CC 26.4 17.0 45.7 11.5 103.6
GSII-16CD 28.0 15.0 52.2 7.6 1 0 2 .8
GSII-16CE 26.4 15.0 23.5 6 . 0 70.8
GSII-16CF 27.2 15.0 19.6 5.9 67 . 7
GSII-16CG 26.4 12.5 19 . 2 5.6 63. 7
GSII-16CH 24.6 16.0 2 1 . 8 5.6 69 .0
GSII-16C (average) 26.6 15.0 31.4 5.7 78.7
GSII-17CA 26.4 15.5 26.1 6 . 2 74.2
GSII-17CC 23.1 16.0 45.3 7.8 92 . 2
GSII-17CD 19.4 11.5 37.0 6.4 74.3
GSII-17CE 28.9 15.5 29.1 7.0 80.5
GSII-17CF 25.6 16.5 17.0 5.7 64.8
GSII-17CG 24.8 16.5 17.8 5.7 64.8
GSII-17CI 28.0 17.5 23.5 5.9 74.9
GSII-17C (average) 25 . 2 15.6 28.0 5.5 74.3
APPENDIX F CONTINUED
GSII-18C (average) 27.2 10.0 34.5 7.7 88.4
GSII-19C (average) 27.2 23.5 25.2 7.9 83.8
GSII-20C (average) 28.0 25.5 34.8 8.7 97.0
GSII-23C (average) 28.0 16.0 31.3 5.7 81.0
GSII-24CA 16.5 35.5 4.3 3.3 59.6
GSII-24CC 19.8 30.0 3.0 4.1 56.7
GSII-24CE 13.2 35.0 1.7 2.8 52.7
GSII-24CF 16.5 36.0 2.6 4.5 59.6
GSII-24CG 12.4 35.0 1.3 2.9 51.6
GSII-24CH 14.4. 35.5 1.3 3.2 54.4
GSII-24C (average) 15.4 34.5 2.4 3.5 55 . 8
Precision test run on GSII-7C
Mg Ca Na K
N 6 .00 6.00 6.00 5.00
X 28.92 25.00 25.60 7.20
s2 1.06 2.43 0 . 74 0.28
s 1.03 1. 56 0 . 86 0 . 53
APPENDIX G
MINERALOGY OF SEDIMENTS FILTERED FROM 
LARGE VOLUME WATER SAMPLES*
The results of the mineralogical analyses of 
suspended sediments in the Mississippi River ’’plume" 
indicate that the following changes take place with 
increasing distance from the jetty at Southwest Pass
1. Illite is most abundant at GSII-13 and 
is present at GSII-17, but not in the 
other samples.
2. The amount of quartz appears to decrease 
uniformly.
3. Chlorite and Na-smectites are replaced by
a Ca-smectite by the sample taken at GSII-1
4. The amount of clay decreases to the west 
with none being detected by x-rays outside 
the "plume."
5. Gypsum is present in all samples, becoming
more abundant near the edge of the plume.
*taken verbatim from unpublished U.S.G.S. Tech. Rept 
No. 1, by Dr. Ray E. Ferrell, Jr.
APPENDIX H
LIST OF STUDIES OF CLAY MINERALS 
OCEANIC AND SHELF SEDIMENTS
Oceanic Sediments
1. Atlantic Ocean
Correns, 1937, 1939
Leinz, 1937
Dietz, 1941, 194.2
Fridman, 1953
Berthois, 1955
Murray and Sayabb, 1955
Heezenjet al. 1960
Erashav-Shalc, 1961a, b, 1962a, b
Wakeel and Riley, 1961
Cloud, et al. 1962
Nesteroff and Sabatier, 1962
Biscaye, 1964, 1965
Goldberg and Griffin, 1964
Berry and Johns, 1966
Fairbridge, 1967
Griff in,'et 'al. 1968
2. Pacific Ocean
Grim, e^ t al. 1949 
Suzuki and Kitazaki, 1954 
Schmalz, 19 5 7
Goldberg and Arrhenius, 1958 
El Wardani, 19 58 
. Oinuma,et ad. 19 59 
Zen, 1959 
Gorbunova, 1960 
Oinuma, ert al. 1960 
Wakeel and Riley, 1961 
Griffin and Goldberg, 1963 
Ka\\rahara, £t aJ. 1964 
Rateyev, 1965
Oinuma and Kabayashi, 1966 
Griffin,et al, 1968 
Keller ancf Furlong, 1969
y d
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3. Gulf of Mexico
Murray and Harrison, 1956 
Meyer, 1958 
Pinsak, 1959 
Pinsak and Murray, 19 59 
Griffin, 1962
Jacobs and Ewing, 1965, 1968, 1969
4. Mediterranean Sea
Vernhet, 1956
Grim and Vernhet, 1961
B. Shelf Areas
1. Atlantic Ocean and Adjacent Seas
Fridman, 1953
Brown and Ingram, 1954
Powers, 1954, 1957, 1959
Van Andel and Postma, 1954
Griffin and Ingram, 19 5 5
Murray and Sayaab, 1955
Vernhet, 1956
Ingram and Robinson, 1958
Nelson, 1958, 1960, 1963
Ingram, 1959
Hirst, 1962
Ahmad, et a!L. 1963
Nota ancT Loring, 1964
Lafond, 1965
Porrenga, 1966
Neiheisel and Weaver, 1967
Ehlman, 1968
Van Baren and Von Harmse, 1969 
Pevear, 1970
•2. Pacific Ocean and Adjacent Seas
Grim, e_t al_. 1949 
Quaide, 19 5 8 
Zen, 1959b
Grim and Loughnan, 1962 
De La Torre and Fredrickson, 1965 
Oinuma and Kobayasni, 196 5 
Keller and Richards, 196 7 
Russell, 1969
ZJ \J
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Gulf of Mexico
Holmes and Hearne, 1942 
Grim and Johns, 1953 
Weintritt and Fan, 1957 
Griffin and Johns, 1958 
Johns and Grim, 19 58 
McAllister, 1958a, 1964 
Milne and Earley, 1958 
Milne and Shott, 1958 
Taggart and Kaiser, 1958, 1960 
Gagliano, 1963 
Griffin, 1963 
Griffin and Parrot, 1964
Other Shelf Areas
a. India
Rao, 1954
b. Nile Delta
Hamdi, 19 54
c. Naples Bay
Shuaib, 1954
d. Tyrrhenian Sea
Norin, 1953
Indian Ocean
Nesteroff, et al^. 1963 
Biscaye, 19775
Other Oceanic Areas
a. Artie and Antarctic
Rateyev, 1958 
Biscaye, 1963, 1965 
Nesteroff, et_ al_. 1964 
Lapina, 1964
b. Red Sea
Heezen, ert aCL . 1965
c. Arabian Sea
Pilkey and Noble, 1966
d. Persian Gulf
Pilkey and Noble, 19 66
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